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PREFACE. 



Thb distinctive character of this work consiBts in the 
treatment of the whole Animal Kingdom as a unit; in 
the comparative stnd/ of the development and variations 
of oigana and their functions, from the simplest to the 
most complex state ; in withholding Systematic Zoology 
mitil the student has mastered those strnctural affinities 
npon which trne classification is fonnded ; and in being 
fitted for High Schools and Mixed Schools by its kngaage 
and illnstrations, yet going far enongli to constitute a com- 
plete grammar of the science for the nnder-graduste coarse 
of any College. 

It is designed solely as a manual for instruction. It is 
not a work of reference, nor a treatise. So far as a book 
is encyclopediac, it is unfit for a text-book, l^ia is pre- 
pared on the principle of "just enough, and no more." It 
aims to present clearly, and in a somewhat new form, the 
estsblislied facts and principles of Zoology. All theoretical 
and debatable points, and every &ct or statement, however 
valuable, which is not absolutely necessary to a clear and 
adequate conception of the leading principles, are omitted. 
It is written in the light of the most recent phase of the 
science, but not in the interest of any particular theory. 
To have given an exhaustive survey of animal life would 
not only have been nndesirable, but impossible. Even 
Cavier's great work must bo supplemented by museums, 
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moiiograpliB, and miui-oscopce. Natural Iligtory lias ont- 
grown tlie litiiits of a Biiigle book. Trial lias proved tlie 
folly of giving the stndeiit bo many tliinge to learn tliat lie 
Iifls no time to miderstand, and the error of eoiideinning 
the etndent to expend liis Btrength npon the details of 
classitiiAtion, whiuh may. change iu the coming decade, 
instead of upon strnctui-e, vhicli is permanent. Of course, 
specialists will miss many things, and find abundant room 
for criticism in what they regard na deficiencies ; but the 
work should be judged by what it doee contain, rather than 
by what it does not. 

Wliat is claimed, in tlie language of inventors, is the 
selection and arrangement of essential principles and typ- 
ical illustrations from the stand-point of the teacher. The 
eyntlietic method is employed, as being the most natural : 
to begin with complex Man, instead of the simplest forms, 
would give a false idea. Man is not a model, but a mon- 
strosity, the most modified of Vertebrntes. Bnt these ont^ 
lines must be filled np, on tlie part of the teacher, by lect- 
ures, and by the exhibition of specimens, and, on the part 
of the student, by observation (noting, above all, the char- 
actenstic habits of animals), and by personal work with 
the knife and microscope. No text-book can take tlie 
place of nature, or supersede oral instruction from a com- 
petent teacher. 

Suggestions and corrections from naturalists and teach- 
ers will be tliankfnily received. 

In a work of this cliaracter, which is bnt a compend of 
the label's of all naturalists, it would bo siiperfluons to 
make acknowledgments. TJio works I'efcrred to on page 
385 have been specially consulted. 
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INTRODUCTION. 



1. Definition of Zoology, and Its Place among the 
SoienoeB. — The province of Natural HUUyry ia to describe, 
compiire, and classify natural objects. These objects have 
been divided iuto the "oi^nio" aud tho " iDorganic," or those 
which are, and those which are not, tho products of life. Bi' 
ology is the science of the former, and Mineralogy the science 
of the latter. Biology again separates into Botany, or tho 
Natural History of Plants, and Zoology, or the Natural His- 
tory of Animals ; while Mineralogy divides into Mineralogy 
proper, the science of mineral species, and IMhology, the 
science of mineral aggregates or rocks. Geology is that com- 
prehensive knowledge of the earth's strnctare and dcvelo[>- 
mcnt which rests on the whole doctrine of Natural History. 

If we examine a piece of chalk, and determine its physical 
and chemical characters, its mode of occnrrcnce and its uses, 
so as to distingnish it from all other forms of matter, we have 
its Mineralogy, Bat chalk occurs in vast natural beds : the 
examination of these masses — their origin, structure, position, 
and relation to other rocks — is the work of the Lithologist. 
Further, wo observe that wfails chalk and marble are chem- 
ically alike, they widely differ in another respect. Grinding a 
piece of chalk so thin that we can see through it, and putting 
it nnder a microscope, we find imbedded in it innumerable 
bodies, about the hundredth of an inch in diameter, having a 
well-defined, symmetrical shape, and chambered like a Nautilus. 
Wc can not say these are acddental i^gregations, nor are they 
crystals : if the oyster-shell is formed by an Oyster, these also 
must bo tho products of life. Indeed, the dredge brings up 
similar microscopic skeletons from the bottom of tlie Atlantic. 
So we conclude that chalk is but the dried mud of an ancient 



r^cinzeaoy Google 



12 nrrRODtJcnoN. 

sea, the cemetery of coantlosB nniiualculea that lived nnd died 
long sgo. The copBiderstion of their fossil remains belongs 

'to ■Fuleontwo^v'^F.tiliat part of Biology which describes the 

relics of extinct forjni «f life. To study the stratigraphical 

■, ^»kio»'-of thQ qlqlibbe J, nnd by the aid of ita Paleontology 

'io determine its age and part in the world's history, is the 
business of Geology. 

Of all the sciences, Zoology is the most extensive. Its field 
is a world of varied forms — hundreds of thousands in numhcr. 
To determine their ori^n and development, their atructure, 
habits, distribution, and mutual relations, is the work of the 
Zoologist. But BO many and far-renohing are the aspects 
under which the animal creation may be contemplated, that 
the general science is beyond the grasp of any single person. 
Special departments have, therefore, arisen ; and Zoology, in 
its comprebensivo sense, is the combined result of the labors 
of many workers, each in his own line of research. 

Btinotoral Zoology treats of the organization of animals. 
Tliere are two main branches : AncUomy, which considers the 
constitution and construction of the animal frame ; and Phyai- 
clogy, which is the study of the apparatus in action. The 
former is separated into Embryology, or nn account of the 
succesBive modifications through which an animal passes in 
its development from the egg to the adult state ; and Mor- 
phology, whioh includes all inquiries concerning the form of 
mature animals, or the form and arrangement of their organs. 
The microscopical examination of any part, especially the tis- 
sues, belongs to Histology, Comparative Zoology is the com- 
parison of the anatomy and physiology of all animals, existing 
and extinct, to discover the fundamental likeneBs underneath 
the superficial differences, and to trace the adaptation of or* 
gans to the babita and spheres of life. It is this comparative 
sdence which has led to such grand generalizations as the 
unity of stmctnre amidst the diversity of form in the aui- 
mal creation, and by revealing the degrees of affinity between 
species has enabled us to classify them in natural gronps, and 
thus Iwd the foundation of Systematic Zoology. When the 
study of structure is fimited to a particular class or species 
of animals, or to a particular organ or part, monographic 
i arc created, as Omithotomy, or anatomy of birds j 
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INTRODUCTION. 13 

Osteology, or the science of bones ; and OdotOography, or 
the natural hiBtoiy of teeth. 

SjBtematio ZoolosT is tho classiG cation of animals, or the 
study of animals, as to their kinds, giving to each a distinctive 
namo and description. The systematic knowledge of the sev- 
eral classes, as Insects, Reptiles, and Birds, has given rise to 
subordinate sciences, Uke Entomology, Herpetology, and Or- 
nithology'* 

DiatiibntlTo Zo<docT ts the knowledge of the succeggiTe 
appeanmcQ of animals in the order of time (Paleontology in 
part), and of the geographical and pfaysioal distribution of 
animals, living or extinct, over the surface of the earth. 

Thooretioal Z00I0S7 includes those provisional modes of 
grouping facts, and interpreting them, which still stand wait- 
ing at the gate of science. They may be true, bat we can not 
say that they are true. Tho evidence is incomplete. Such are 
tho theories which attempt to cxpUun the origin of life and 
the origin of species. 

Suppose we wish to nuderstond all about the Horse. Oar 
first object is to stndy its structure. The whole body ia in- 
closed withia a hide, a ekio covered with haiv; and if this 
hide be taken ofF, we find n great mass of flesh or muscle, the 
substance which, by its power of contraction, enables the ani- 
mal to move. On removing this, we have a series of hones, 
bound together with ligaments, and forming the skeleton. 
Pursuing our researches, we find within this frame-work two 
main cavities : one, beginning in the skull and running through 
the spine, containing the brain and spinal marrow ; the other, 
commencing with tho mouth, contains the gullet, stomach, 
intestines, and the rest of the apparatus for digestion, and 
also the heart and lungs. EiaminaUons of this character 
would give us the Anatomy of the Horse, or, more precisely, 
Hiftpotomy. The study of the bones alone would be its 
OAecAogy } the knowledge of tbe nerves would belong to 
N^extrotomy. If we examined, under the microscope, tbe 
minute structure of the hair, skin, flesh, blood, and bone, we 
wonld learn its SUtology. The consideration of the manifold 
changes undergone in developing from the egg to the fuU- 

* Nunben Uka tbii le&r to the Notet Rt the end of the Tcdinm. 
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14 INTEODUCTION. 

gron^n aniDial, iroald bo the Embryology of tbo Horse; and 
its Morphology, tho special study of the form of the adult 
animal and of its internal org;sns. 

Thus far to have been looking, as it were, at a stcam- 
enginc, with tho fires out, and nothing in tho boiler; but 
the body of the living Horse is a beautifully formed, active 
machine, and every part has its different work to do in the 
working of that machine, which ia what we call its life. Tho 
science of snch operations ns tbo grinding of the food in the 
complex mill of tho month ; its digestion in the laboratory of 
the stomach ; the pnmping of tho blood through a vast system 
of pipes over the whole body; its purification in the lungs; 
the process of growth, waste, and repair; and that wondrous 
telegi'aph, the brain, receiving impressions, and sending mes- 
sages to the muscles, by which the animal is endowed with 
voluntary locomotion — this is Physiology. But Horses are 
not the only living creatures in the world ; and it we compare 
the structures of vartoua animals, as tho Horse, Zebra, I>og, 
Monkey, Eagle, and Codiish, wo shall find more or less re- 
semblances and diffei'cucca, enough to enable us to classify 
them, end give to each a description which will distini^uish it 
from aU others. This is the work of Systematic Zoology, 
Moreover, the Horses now living are not the only kinds tJiat 
have ever lived ; for the examination of the earth's crust — the 
great burial-ground of past ages — reveals the bones of numer- 
ous horse-like animals: the study of this pre-ndamite race 
belongs to Paleontology. The chronological and geographical 
distribution of species is the department of Distributive Zo- 
ology. Speculations about the origin of the modem Horse, 
whether by special creation, or by development from some 
allied form now extinct, ai-o kept aloof from demonstrative 
science, under the head of Theoretical Zoology. 

2. History. — The Greek philosopher Aristotle (b.c. 384- 
322) is called the "Father of Zoology." Certainly, he is tho 
only great representative in ancient limes, though his frequent 
allusions to familiar works on anatomy show that something 
had been done before him. His "History of Animals," in 
nine books, displays a wonderful knowledge of external and 
internal structure, habits, instincts, and uses. Bis descrip- 
tions are incomplete, but gcnci'alty exact, bo far as they go. 
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INTHODUCTION. 15 

Alexander, it ia said, gave him nine hundred talents to collect 
materials, and pat at hia disposal several ihoneand men, for 
hanUng specimens and procuring information. 

The Romans accomplished little in nataral soienco, though 
their military expeditions furnished unrivaled opportunities. 
Neariy three centuries and a half after Aristotle, Flinjr (a.d. 
23-19) wrote his " Natural History." He was a voluminous 
compiler, not an observer : lie added hardly one new fact. He 
states that his work was extracted from over two thousand 
volumes, most of which are now lost 

During the Middle Ages, Natural History was studied in 
the books of the ancients; and at the close of the fifteenth 
century it was found where Pliny had left it, with the addi- 
tion of many vague hypotheses and silly fancies. Albertns 
Magnus, of the thirteenth century, and Conrad Gesner and 
Aldrovandns, of the sixteenth, were voluminous writers, not 
naturalists. In the latter half of the sixteenth century, men 
began to observe nature for themselves. The earliest note- 
worthy researches were made on Fishes, by Rondelet (1607- 
1666) and Belon (1617-16S4),of France, and Salviani (1614-- 
1672), of Italy. They were followed by valuable observations 
npon Insects, by Redi (1826-1698), of Italy, and Swammer- 
dam (1637-1680), of Holland; and toward the end of the 
same century, the Dutch natnralist, Leenwenhoeclc (1632- 
1723), opened a new world of life by the nse of the micro- 
scope. 

But there wns no real advance of ^etematic Zoology till 
the advent of the illustrious John Ray (lfl2e-170fi), of En- 
gland. His " Synopsis," published in 1603, contained the first 
attempt to classify animals according to structure. R^y was 
the forerunner of "the immortal Swede," Linnnus (1707- 
1778), " the great fr&mer of precise and definite ideas of nat- 
ural objects, and terse teacher of the briefest and dearest ex- 
pressions of their differences." His chief merit was in defin- 
ing generic gronps, and inventing specific names.* Scarcely 
less important, however, was the impulse which ho gave to 
the pursuit of Natural History. The spirit of inquiry, which 
his genius infused among the gi'eat, produced voyages of re- 
search, which led to the formation of national mnseuma. The 
first expedition wns sent forth by George III. of England, in 
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1765. RSaaraar (1683-176^) niAde the earliest BX>logiciil 
collection in France ; and the West Indian collections of Sir 
Hans Sloane (1660-1752) were the unoleiis of the British 
Musenm. The acenmolation of specimens saggested com- 
parisons, which eveDtually resulted in the highest advanoe of 
the science. 

The brilliant style of Buffon (1707-1788) mode Zoology 
popular not only in France, but throughout Europe. Wliile 
the genius of Liunseos led to classifioation, that of Buffon lay 
in description. He was the first to call attention to the sub- 
ject of Distribution. Lamarck (174S-1829), of Paris, was 
the next great light. The publication of his "Animaux sans 
Yertibrcs," in 1801, was an epoch in the history of the lower 
animals. He was also the first prominent advocate of the 
transmutation of species. 

But tbe brightest luminary in Zoology was George Cuvier 
(1769-1832), a Glerman, bom on French soil. Before his 
time, " there was no great principle of classification. Facts 
were accumulated, and more or less systematized, but they 
were not yet arranged according to law ; the principle was 
Still wanting by which to generalize them and give meaning 
and vitality to the whole." It was Cuvier who found the key. 
He was the first to so interpret stmctare as to be able from tlie 
inspection of one bono to reconstruct the entire animal, and 
assign its position. His anatomical investigations revealed 
the natural affinities of animals, and led to the grand general- 
ization, that the most comprehensive groups in the kingdom 
were based, not on special characters, but on different plans 
of structure. Palissy had long ago (1S80) asserted that pet- 
rified shells were of animal origin ; bat the publication of 
Cuvier's "Memoir on Fossil Elephants," in 1800, was the 
beginning of those profound researches on the remains of 
ancient hfe which created Paleontology. The discovery of 
the true relation between all animals, living and extinct, open- 
ed a boundless field of inquiry; and from that day the advance 
of Zoology has been unparalleled. Special studies of particu- 
lar parts or classes of animals have so rapidly developed, that 
the history of Zoology during the last fifty years is the history 
of many B * 
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STRUCTURAL ZOOLOGY. 
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The flnt thing to be determined about a new cpecimen ii not ica nune, 
bat iu most prominent character. Until joa know an uiimBl, care not foi 

The greU beneflt which a tciwiliSc education besionB, whether as train- 
ing or as knowledea, i) depeodent upon the extent to which the mind of the 
etadenC it bronghi into iDimedints contact with bcU — upon the degree to 
which he lesmi llie habit of appealing direcll; to Nature. — Hcxiat. 
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COMPARATIVE ZOOLOGY. 



UINXBALa MSD OBOANtZED BODIEa DISTmaUISHED. 

Nature may be separated into two great kingdoms^ 
that of mere dead matter, and that of matter tmder the 
iufluenco of life.* These differ in the following points : 

(1) Composition. — Fewer elements are used in the organic 
world than in the mineraL Over sixty are found in the 
latter, while four or five make up the former. Organic 
bodies have a' striking uniformity of composition : the 
majority being ternary compounds, consisting of eai'bon, 
hydrogen, and oxygen ; or quaternary, adding nitrogen ; 
while a few only contain also snlphnr or iron. But min- 
erals exhibit a greater variety in their constitntion, being 
made of one element alone, or two or more. In organic 
substances each ingredient is equally united with all tlie 
rest, while mineral componnds can be resolved into bi- 
nary combinations. Thus, fibrine, which is composed of 
carbon, hydrogen, oxygen, and nitrogen, is called a quater- 
nary compound ; and carbonate of ammonia, made o£ the 
samo materials, is considered a binary nnion of two other 
binary compounds, carbonic acid and ammonia. But this 
distinction is shaken by tlie probability that binary princi- 
ples exist in living bodies. It is trne, however, tliat the 
constitution of organic substances is more complex than 
that of minerals ; for, though composed of few elements, 

Coot^lc 



20 COMPABATIVE ZOOLOGY. 

ft lat^ number of atomB of thoBO elements enter into com- 
bination. Thna, one molecnle of fibrine contains 216 atoms 
of carbon, 169 of hjdn^n, 68 of oxygen, 27 of nitrogen, 
and 2 of Bulpbm*. Organic molecules are therefore lai^er 
tlian the molecules of minerals. Furthermore, combina- 
tions formed under the influence of life are invariably 
characterized by the presence of carbon and water. An 
animal always contiuns a mixture of solids, liquids, and 
gases. 

(2) Straotnre. — A mineral is homogeneous, while au or- 
ganized body is heterogeneous ; i. «., it is composed of dif- 
ferent parts, called tissues and organs, having peculiar nses 
and definite relations to one another. The tissues and 
organs, again, are heterogeneous, coDsi&ting mainly of mi- 
croscopic cells, a structure developed only by vital action. 
All the parts of an organism are mutually dependent, 
and reciprocally means and ends, while each part of a 
mineral exists for itself. The smallest fragment of marble 
is as much marble as a mountain-mass ; but tlie fragment 
of a plant or animal is not an individual. The particles of 
a mineral are held together by cohesion ; the exact nature 
of the force, commonly called " life," which presides over 
an oi^nized body remains to be discovered. 

(3) 8lz0 and Bhapa. — LiWng bodies gradually acquire 
determinate dimensions ; so do minerals in their perfect 
or crystal condition. But iincrystallized, inoi^nic bodies 
have an indefinite bulk. Most minerals are amorphous ; 
crystals have regular forms, bounded, as a rule, by plane 
surfaces and straight lines; plants and animals are cir- 
cumscribed by cun'ed surfaces, but never assume accurate 
geometrical forms.* 

<4) Phenomena. — Hinerals remain internally at rest, and 
increase by external additions. In contrast, oi^nisms are 
all in motion : they are constantly in a state of composi- 
tion and decomposition, incorporating foreign particles and 
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PLANTS AND ANIMAM DISTINGUISHED. 21 

giving ont their own. Oi^nized bodies, moreover, pass 
throngU a cycle of changes — growth, development, and re- 
production. Of more complex conBtitntion, they are more 
' unetable, and are more liable to decompcwition than most 
iDorganio componnda. The action of heat is invariably 
destrnctive. At the end of a certain period, fixed for each 
epecies, living bodies infallibly perish. 



FLAirra and anqiam distinoiiished. 

It may seem an easy matter to draw a line between 
plants and animals. Who can not tell a Cow from a 
Cabbage ? Who would confound a Coral with a Mugh- 
Tootni Yet it is impossible to assign any absolute, dis- 
tinctive character which will divide the one mode of life 
from the other. The difficulty of defining an animal in- 
creases with our knowledge of its nature. LinnEens de- 
fined it in three words; a centuiy, later, Owen declared 
that a definition of plants which would exclude all ani- 
mals, or of animals which would not let in a single plant, 
was impossible. Each different character used in drawing 
the boundary will bisect the debatable ground in a differ- 
ent latitude of the organic world. Between the higher 
animals and higher plants the difference is apparent ; but 
when we reflect how many characters the two have in 
common, and especially when we descend to the lower 
and minuter fonns, we discover that the two " kingdoms" 
tonch, and even dissolve into, each other. This border- 
land has been as hotly contested among naturalists as 
many a disputed frontier between adjacent nations. Its 
inhabitants have been taken and retaken several times by 
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botaniBts find zoologiEte ; for the; have characters that 
lead on the one side to plants, and on the other to ani- 
mals. To solve the difficulty, Borne eminent natin-aliste, 
03 Hackel and Owen, propose a fonrth " kingdom," to re- 
ceive tlioee living beings which are oi^uic, but not dis- 
tinctively vegetal or animal. Bat a greater difficnlty ain'scs 
in attempting to fix its prociee limits. 

The drift of modem research points to this: that there 
are but two kingdoms of nature, the mineral and the or- 
ganized, and these closely linked together; that the lat- 
ter must be taken as one whole, from which two great 
branches rise and diverge. " There is at bottom but one 
life, which is tlio whole life of some creatures, and the 
common basis of tlie life of all ; a life of simplest moving 
and feeliDg, of feeding and breathing, of producing its 
kind and lasting its day ; a life which, so far as we at 
pi'esent know, has no need of such parts as we call oi^ns. 
Upon this general foundation are built up tlie manifold 
special characters of animal and vegetable existence ; bnt 
the tendency, the endeavor, so to speak, of the plant is one, 
of the animal is another, and the unlikeness between them 
widens the higher the building is carried up. As we pass 
along the series of either [branch] from low to high, the 
plant becomes more vegetative, the animal more animal.'" 

In general, we may say that a rooted organism, retaining 
carbon and exhaling oxygen, feeding on mineral matter 
by absorption, and having cellulose tiBsues, is a plant ; that 
an irritable or locomotive oi^nism, retaining oxygen and 
exhaling carbonic acid, feeding on organic matter by a 
mouth and stomach, and having albuminous tissues, is au 
animal. But Nature knows no such line of demarkation ; 
for it is bridged at numerous points. 

(1) Origla. — ^Both bi-anches of the tree of life start alike : 
the lowest of plants and animals, as Protoooccua and Ore- 
garina, consist of a single cell. In fact, the cycle of life in 
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all living beings, high or low, begiiiB in a email round dot 
of matter — in plants called an ovulo, in animals, an omm. 
This cell, or dot, contains a fluid, called protoplasm, iden- 
tical in coinpoeition and in function. !ln the very simplest 
forms the protoplasm is not inclosed by a membrane; but 
generally there is a eell-'wall. In plants, with few excep- 
tions, this wall is of cellulose, or something akin to starch ; 
in animals, with few exceptions, the wall is a pellicle of 
firmer protoplasm, i. e., albuminous. 

(2) Compositioii, — Modem research has broken down the 
partition between plants and animals, so far as chemical 
nature is concerned. The rentable fabric and secretions 
may be ternary or binary compouuds; but the essential 
living parts of plants, like animals, are quaternary, con- 
sisting of four elements — carbon, hydrogen, oxygen', and 
nitrogen. Cellulose (woody fibre), starch, and chlorophyl 
(green coloring matter) are eminently vegetable products, 
but not distinctive ; for cellulose is wanting in some plants, 
aa Fungi, and present in some animals, as Tunicates; 
starch, under the name of glycogen, is found in the liver 
and brains of Mammals, and chlorophyl gives color to the 
fresh-water Polyp. Still, it holds good, generally, that 
plants consist mainly of cellulose, dextrine, and starch; 
while animals are mainly made up of albumen, fibrine, 
and gelatine ; that nitn^n is more abundant in animal 
tissues, while in plants carbon is predominant. 

(8) ronn. — No outline can be drawn which shall be 
common to all animals or all plants. The lowest members 
of both have no fixed shape. Tlie seeds of Confer\'se can 
hardly be distinguished from animalcules ; the compound 
animals, Searmat and Searmoes (Polyzoa), are often taken 
for sea-weeds ; the trees mimic the branching Coral, and 
the Coral buds and blossoms like the Rose. The ideal 
form of a plant — trunk, branches, twigs, special oi^os 
— is a form natural to all living matter enjoying rapid 
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growtli. ABcesdiDg the scale of animal creation, we find 
the primitive form gradually ob&cnred b; new and power- 
ful molding iuflaences. 

(4) Btrnotnra. — A plant js the miUUpIication of the nnit 
— a cell with a cellulose wall. Some eimple snimala hare 
a Biinilar cellular structure, and all animal tissues, while 
fonuing, are cellular. But this character, which is perma- 
nent iu plants, is generally transitory in animals. Their 
tiBsues are composed of little plates, or laminee, intersect- 
ing each other in snch a way as to constitute spongy 
raasBOB, or membranes, which are not made np of cells 
independent of each other, as in vegetables. Excepting 
the very lowest forms, animals are more composite than 
plants, i. e., their organs are more complex^ and numerous, 
and more specially devoted to particular purposes. Eepe- 
tition of similar parts is a characteristic of plants ; of ani- 
mals, it is differentiation. Most animals, moreover, have 
fore-and-aft polarity ; in contrast, plants are up-and-down 
structures, though, in tliis respect, they are imitated by 
radiated animalfi, like the Star-fish. 

<fi} PhTsLologr. — In their modes of nutrition, plants and 
animals stand widest apart Yet "the difEereuce" (saj-s 
Owen) '* is, at most, one of form and proportion of the in- 
ternal cavities, and of their external openings : they are 
the same as to function." As a rule, plants absorb and 
assimilate food by the external snrface, which is therefore 
greatly extended by leaves and roots. As a rule, animals 
receive nourishment through a month into an internal 
permanent or temporary stomach. But there are certain 
molds which seem to swallow their food,' and Tape- 
worms have neither month nor stomach. 

A plant in the seed and an animal in the egg exist in 
similar conditions : in both cases a mass of organic matter 
accompanies the germ. When this supply of food is ex- 
bansted, both seek nonrishment from wittioiit But here 
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analogy ends : tlie plant feeds on mineral matter, tlie ani- 
mal on organic. The former only has the power to con- 
vert the inorgauic elements (carbon, oxygen, hydrogen, 
and nitrogen) into organic Bnbstancej the latter is de- 
pendent npou the oi^nic substance thns prepai-ed. Bnt 
the Fnngi also live on organic componnds (in a state of 
decomposition); and it ia probable that someanimala have 
the power of elaborating tissue directly fram the mineral 
kingdom. The materials of nutrition are absorbed by all 
living bodies in a fluid state ; the food of plants is gas- 
eous or liquid ; that of animals is received in a form more 
or less solid, but afterward dissolved. While the absorb- - 
enta of plants (roots and leaves) are extei-ual, those of ani- 
mals are distributed along the walls of a digestive cavity. 
Plants exhale less water, and animals more water, than 
they imbibe. 

In general, plants receive nonrishment to grow, animals 
to repair waste. The fabric of the former, once completed, 
remaius unchanged ; while the tissues of the latter require 
constant renewal. Flants are continually receiving ad- 
ditional members; animals are bom perfect. In other 
words: in the nutrition of the former, addition is the 
prominent idea; in the latter, substitution. In the for- 
mer, the result ia a straggling outline, with almost nnlim- 
ited growth ; in the latter, a finished, compact form,' 

Flants decompose, and animals recompose, carbonic 
acid ; the one yielding the oxygen and fixing the carbon, 
the other exhaling carbonic acid and retaining some oxy- 
gen. Animals, therefore, inspire what plants set free : the 
food of the former undergoes oxidation ; tliat of the latter, 
deoxidation. This chemical antagonism, however, will not 
serve as a rigorous definition. Mushrooms and leafless 
parasites, all plants in the dark, germinating seeds and 
opening flowers, give off carbonic acid.' Every plant be- 
gins life aa an animal — a consumer, not producer ; not till 

Gooq\c 



26 COMPARATIVE ZOOLOGY. 

the young ahoot rises above the eoil, and unfolds itself to 
the light of the bhi), at the toutih of whose mystic rays 
ehloTOphyl is created, does real, constructive vegetation 
begin; tlien its mode of life is reversed — carbon is re- 
tained and oxygen set free. 

Most plants, and many animals, multiply by budding 
and division ; on both we practice grafting ; in botli tho 
cycle of life comes round again to the ovule or ovum. 
Do annuals flower bnt to die ! Insects lay their c^i;ga in 
their old age. But in all cases of true ovulation, the ani- 
mal erabryo absorbs its yolk from tlie inside, while that of 
a seed is itself surrounded by the albumen. 

Animals generally possess sensation, consciousness, and 
volition. Yet volition is wanting in some lower forms; 
and many plants show excitability, if not sensibility. For 
aught we know, irritability is the birthright of all living 
matter. In plants, the protoplasm. is scattered and buried 
in rigid structiires : feeling is, therefore, dull In animals, 
the protoplasm is concentrated into special organs, and so 
feeling, like electricity rammed into Leyden jars, goes oflE 
with a flash." 

The self-motion of animals and the rooted state of plants 
is a very general distinction ; but it fails where we need it 
most. It is a characteristic of living things to move. The 
protoplasm of all organisms is unceasingly active." Be- 
sides tills internal movement, myriads of plants, as well 
as animals, are locomotive. Rambling Diatoms, writhing 
Oscillaria, and the agile spores of Cryptogams crowd our 
waters, their instruments of motion (cilia) being of the 
very same character as in microscopic animals ; while 
Sponges, Corals, Oysters, and Barnacles are stationary. 
A contractile vesicle is not exclusively aa animal prop- 
erty, for the fresh -water Vol vox and Goninm have it 
Tlie act of muscular contraction in the highest animal is 
due to the same kind of change in the form of the cells of 
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tlie ultimate fibrillee, aa that whicli produces the sensible 
motions of plants. The ciliary movemeuta of animalctilcs 
and of microscopio plants ore precisely similar, and in 
neither case indicate consoiotisness or self -determining 
power, 

Plants, as well as animals, need a season of repose. 
Both have their epidemics. On both, narcotic and acrid 
poisons produce analogous resnlts. Both have circuUtory 
systems. Are some animals warm-blooded? In germi- 
nation and flowering, plants evolve heat — the stamens of 
the Arum, e. g., showing a rise of 20°. In a sense, an Oak 
has just as mnch heat as an Elephant, only the miserly 
tree locks up the sunlight in solid carbon. 

At present, any boundary of the Animal Kingdom is 
arbitrary. "Probably life is essentially the same in the 
two kingdoms ; and to v^etable life, faculties are super- 
added in the lower animals, some of which are, here and 
there, not indistinctly foreshadowed in plants." " It must 
be said that there are organisms which at one period of 
tlieir life exhibit an a^p^gate of phenomena such as to 
justify ns in speaking of them as animals, while at another 
they appear to be as distinctly vegetable."" 



CHAPTER HI. 

BELATION BETWEEN MINERALS, PLANTS, AND ANIUALS. 

TnsBE are no independent membei's of creation : all 
things touch upon one another. The matter of the living 
world is identical with that of the inoiganic. The plant, 
feeding on the minerals, carbonic acid, water, and am- 
monia, builds them np into complex, organic compounds, 
as starch, sugar, gum, cellulose, albumen, fibrine, cnseine, 
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and glnten. When tlie plant is eaten \>y tlie animal, the 
ternary prodncts, as Btarcb, eDgar, gutn, and celliiloBe, are 
flimply carried by the blood to the lungs, and decomposed 
by oxidation back to carbonic acid and water, in which 
process heat is generated. The other vegetable products, 
as albumen, etc., containing nitrogen, go to sustain the 
animal, forming blood, muscle, cartilage, etc. These, giv- 
ing way to fresh material (for there is constant renewal), 
are resolved into carbonic acid, water, and ammonia, and 
returned to the earth and air through the kidneys. Both 
plant and animal end their life by going back to tlie min- 
eral world : and thus the circle is complete — from dust to 
dust. Carbonate of ammonia and water, a blade of grass 
and a horse, are but the same elements differently com- 
bined and arranged. Plants compress the forces of inor- 
jl^nic nature into chemical compounds; animals liberate 
them. Plants produce ; animals consume. The work of 
plants is synthesis, a building-up; the work of animals is 
analysis, or destruction. The tendency in plants is deoxi- 
dation; the tendency in animals is oxidation. Without 
plants, animals would perish ; without animals, plants bad 
no need to be." 



CnAPTER IV. 

IJFE. 



An impenetrable veil hides the nature of life. We 
know nothing of it except by tlie phenomena it mani- 
fests; and as these manifestations differ from those of 
any known physical force, they have been attributed to 
a " special principle." But the existence of this assumed 
cause has never been demonstrated. The biologist can 
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take DO cognizance of &n independent principle whose 
mysterionfi anion witli the body causes it to live, and 
whose BeparaUon leaves it to die. In the modem view, 
life is a system of functions, or tiio snm total of living 
phenomena. Many of these phenomena are evidently 
manifestations of the common force of nature, acting 
either mechanically, chemically, electrically, or osmotic- 
aUy. 

Still, the combination of elements into organic cells, 
the arrangement of these cells into tissnea, the grouping 
of tliese tissues into organs, and the marshaling of these 
organs into plans of strncture, call for Boma further shap- 
ing, controlling power to effect such wonderful co-ordina- 
tion. Moreover, the manifestation of feeling and con- 
ficioQsncBB is a mystery which no physical hypothesis has 
cleared np. The simplest vital ' phenomenon has in it 
something over and above the known forces of tho labo- 
ratory." 

Life is exhibited only under certain conditions. One 
condition is the presence of a physical basis caMedproio- 
jplasm. This subetance is found in all living bodies, and, 
BO far aa we know, is identical in* all — a viscid, transpar- 
ent, homogeneous, minutely granular, albuminoid matter. 
Life is inseparable from this protoplasm ; but it is dormant 
unless excited by some external stimulants, such as heat, 
light, electricity, food, water, and oxygen. Thus, a certdn 
temperature is essential to growth and motion ; taste is 
induced by chemical action, and sight by luminous vibra- 
tions. 

The essential manifestations of animal lifo may be re- 
duced to three ; e&ntfadility, or the property possessed by 
certain parts of the body, especially the muscular fibres, of 
shortening themselves ; seTisibility, or the peculiar power, 
confined to nervons matter, of receiving and transmitting 
impreaeions ; and the power of asaimilating food. All 
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animals move, feel, and grow. Bnt some of tiie lowest 
forms are withoat the sliglite&t trace of orgase; they seem 
to be as perfectly liomogeueoiis and structnrelese as a drop 
of jelly. They coiild not be more simple. They are de- 
void of muscles, nerves, and stomach ; yet they have all 
the fundamental attributes of life — moving, feeling, and 
eating. It has been supposed that the mnsciilar and nerv- 
ous matter is diffused in a molecular form j but all we can 
say is, that the highest power of the microscope re\-ealB no 
organized structure whatever, i, e., there are no parts set 
apart for a particular pni'pose ; but a fragment is as good 
as the whole to perform all the functions of life. The 
animal series, therefore, begins with forms that feel with- 
out nerves, move without muscles, and digest without a 
stomach : in other words, life is the cause of organisO' 
tion, not the result of it. Animals do not live because 
they are organized, but are organized because they are 
alive. 



OBGANIZATIOIT. 



We have seen that the simplest life is a formless speck 
of protoplasm, without distinctions of structure, and there- 
fore without dJBtinctions of function, all parts serving all 
purposes — mouth, stomach, limb, and limg — indiscrimi- 
nately. There is no separate digestive cavity, no separate 
respiratory, muscular, or nervous systems. Every part 
will successively feed, feel, move, and breathe. Just as 
in the earliest state of society, all do every thing, each does 
all. Every man is his own tailor, architect, and lawyer. 
But in the progress of social development the principle of 
tlie division of labor einergea. First comes a distinction 
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between the governing and gorerued classes ; then follow 
and mnltiply the various civil, military, eccleaiastical, and 
indastrial occtipations. 

In like maaner, as we advanco in the animal eeriea, we 
find the body more and more heterogeneons and cx>mplez 
by a process of differentiaiion, i. c, setting apart certain 
portions of the body for special dnty. In the lowest forms, 
the work of life is carried on by very simple apparatus." 
But io the higher organisms, every function is performed 
by a special organ. For example, contractility, at first the 
property of the entire animal, becomes centred in mus- 
cular tissue; respiration, which in simple beings is effect- 
ed by the whole surface, is specialized in luugs or gills ; 
sensibility, from being common to the whole organism, is 
handed over to tlie nerves. An animal, then, whose body, 
instead of being nnifonn throughout, is made np of differ- 
ent parts for the performance of particular functions, is 
said to be organized. And the term is as applicable to 
the slightly differentiated cell as to complex Han. Or- 
ganization is expressed by single cells, or by their combi- 
nation into tissues and organs. 

1. CellB. — A cell is the simplest form of organized life. 
In general, it is a microscopic globule, consisting of a deli- 
cate membrane inclosing a minute por- „ 
tion of protoplasm. The very simplest 
kinds are without granules or signs of 
circulation ; bnt usually the protoplasm ' 
is granular, and contains a defined sep- 
arate mass called the nudexts, within 
which are sometimes seen one or two, _ „ , „ „ 

, , , , I Piftl— P«rMor«C«ll! 

rarely more, dark, round specks, named a,i>,ir,ce»-init; |),dii. 
nucleoli. The enveloping membrane is '"' 

extremely thin and transparent, structureless and minutely 
perforated : it is only an excretion of dead matter acting 
as a boundary to the cell-contents." The nucleus ie gen- 
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erallj attacbed to the inside of the membrane, and is the 
centre of activity. 

Cells vary greatly in size, bnt are generally invisible to 
the naked eye, ranging from -j^ to -nriinr of an inch in 
diameter. About 4000 of the smallest wonld be necessary 
to cover the dot of this letter i. Tlie natural form of iso- 
lated cells is spheHcal ; bat when tliey crowd each other, 
as seen in bone, cartilage, and muscle, their outlines be- 
come angular, either hexagonal or irregular. 

Within the narrow boundary of a simple circle, the 
cell-membrane, are exhibited all the essential phenomena 
of life — growth, development, and reproduction. The 
physiology of tliese minute organisms ia of peculiar in- 
terest, sinco all animal strncture is but the multiplication 
of the cell as a unit, and the whole life of an animal is 
tliat of the cells which compose it : in them and by them 
all its vital processes are carried on." 

The structure of the cell is well illustrated by an Bgg, 
in which the shell represents the enter membrane, the 
white the cell - contents, the yolk the nucleus, and the 
germinal spot of tlie yolk the nncleolas. It is also seen 
in blood - corpuscles, by diluting with a weak solution of 
salt or sugar a drop of blood from a Frog, and placing it 
nnder the microscope. (Bee Figs. 63 and 158.) 

S. Tissues. — There are organisms of the lowest grade 
(as Gregarina) which consist of a single cell, living for and 
by itself. In this case, the animal and cell are identical: 
the Gregariim has as much individuality as the Elephant. 
Bnt all animals, save these unicellular beings, are mainly 
aggregations of cells. For the various parts of a body 
are not only separable by the knife, into bones, muscles, 
nerves, etc., but these are susceptible of a finer analysis 
by the microscope, which shows that they arise from the 
development and nnion of ceils. These cellular fabrics, 
called tissues, differ from one another both chemically 
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and stnietiirally, but agree in being permeable to liquids 
— a property which secures that flexibility of the organs 
BO essential to animal life. Every part of the human body, 
for example, is moist: even the hairs, nails, and cuticle 
contain water. The contents as well as the shape of the 
cells are usually modified according to the tieene which 
they form : thus, we find cells containing eartliy matter, 
iron, fat, mucns, etc. 

lu plants, the cell always retains the characters of the 
cell; but in animals (after the embryonic period) the cell 
usually nudei^oea such modifications that the cellular 
fona disappeai-s. The cells are connected together or 
enveloped by an intercellular substance [blaetema), which 
may be watery, soft, and gelatinous, firmer and tenacious, 
still more solid and hyaline, or bard and opaque. In the 
fluids of the body, as the blood, the cells are separate ; bat 
in the solid tisanes they coalesce, being simply connected 
together, as in the epidermis, or united into fibres and 
tubes. 

In the lowest forms of life, and in all the higher ani- 
mals in their embryouic state, tlie cells of which they are 
composed are not transformed into tissues : definite tissues 
make their first appearance in the Polyps, and they differ 
from one another more aud more widely as we ascend the 
scale of being. In other words, the bodies of tlie lower 
and immature animals are more uniform in composition 
than the higher, adult forms. In the latter only are all 
the following tissues found represented : 

<l) EpIthaUal TisBue.— This 18 the simplest form of ceUn- 
lar structure. It covers all the free surfaces of the body, 
internal and external, so that an animal may be said to be 
contained between the walls of a double bag. That which 
is internal, lining the mouth, windpipe, lungs, blood-vessels, 
gullet, stomach, intestines — in fact, eveiy cavity and canal 
— ia called epithelium. It is a very delicate skin, formed o£ 
3 
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flat or cylindrical celb, and in Boine parte (oe in tlie wind- 
pipe o£ air-breathing animals, and along the gills of the 
Oyster) is covered 
" .^% Wl * 1 .jlj^ with cilia, or minute 
ijm S\ «.i^;^ haire, about TnAnr of 

an inch long, which 
are inceesantly mov- 
ing. Continuous 
with this inner lin- 
ing of the body (as 
seen on the lip), and 
Pio.t.-TKion.kin<iiofBpith«iinnic«B.: o.roiqm- Covering the oatside, 

□Dcleni ; 0, cLlUua, mim ooe or Lha bdihII air- ^ ' 

ae, (torn lha wlndplp*, wllh Blngle cuticle. It is the 



call migoUlad abont ^Rv »»»>, ^ m^iMuxviu, ..uiu i< i - 

erelldof ■ calf, BhowlngchiDKaa of form, from lha OUter layer of tDC 
deep la mparHclsl cell*. 1 balair tha Kiirf. „■!•■,■, i • i 

" skin," which wo 
can remove by a blister, and in Man varies in tliickness 
from tJ^ of an inch on the cheek to -^ on tlie eole of the 
foot. It is constantly wearing o£E at the surface, and as 
constantly growing in the deeper portion ; and in the proc- 
ess of growth and passage outward, the cells change from 
the ephericaT form to dead horny Bcalcs (seen in scurf and 
dandrnff). In the lower layer of the cuticle we And the 
pigment cells, characteristic of colored races. Neither the 
epidermis nor the corresponding tissue within (epithelium) 
has any blood-vessels or nerves. The epithelial tissue, then, 
is simply a superficial covering, bloodless and insensible 
protecting the more delicate parts underneath. Hairs, 
bonis, hoofs, nails, claws, corns, beaks, scales, tortoise- 
shell, the wings of Insects, etc., are modifications of the 
epidermis. 

(BJConneotlveTissna — This is the most extensive tissue 
in animals, as it is the great connecting medium by which 
the different parts are held together. Could it be taken 
out entire, it would be a complete mold of all the organs. 
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It snrrounds the bones, muscles, blood-vessels, nerves, aud 
glands, and is the substance of the ligaments, tendons, 
" true skin," mucouB mem- _ 

branes, etc. It vanes in 
cbaracter, being soft, ten- 
der, and elastic, or dense, 
tongb, aud generally un- 
yielding. In the former 
state, it consists of innu- I 
merable fine white and yel- 
low fibres, which interlace 
in all directions, leaving 
irregidar spaces, and forra- 

ina a loose, Bponsry, moist Fia. B.— ConneclWe Tiseae, JhowlnB areuUc 
, t . , , ilraelure, x W. 

web. In the Jatter, the 

fibres are condensed into sheets or parallel cords, having 



I ; hlxhlT miigDltted ; 0, coDtilDlug 
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a wavy, glistening appearance. Connective tissue is not 
very eenEitivc. It containa gelatine — the matter whicli 
tans when lilde is made into leather." 

(3) AcUpH»«Tlflsna. — This ia Bimply an a^regation of 
large cella (averaging ^iir inch in diameter) filled with 

fat. They are distributed through the 
connective tissne (as in the "blubber" 
of Whales), or nnited into distinct 
masses (as sbont tlie kidneys in Ru- 
minants). The marrow of bones ia a 
t good example. Globules of fat occur 
in many MoUascs and Insects ; but 
true adipose tissue is found only in 
back -boned animals, particularly the 
herbivorous. In the average Han, it 

^i5;"iit™^crn"^ti« constitutes about Vb pw't of his weight, 
"""••*• and a single Whale has yielded 120 

tens of oil. The fat of animala has the different names of 

oil, lard, tallow, suet, spermaceti, etc. It is a reserve of 

nutriment in excess of consumption, 

serving also as a packing material, and 

as a protection against cold. 

(4) CartU&glnoas Tissue. — This is a 
decp-Bcatcd structure, better known as 
"gristle," which ia dense, elastic, blu- 
ish white, and translucent, composed of 
cells imbedded in a granular or liyaline 
Bubstance, It ia found where strength, 
elastieity, and insensibility are wanted, 
as at tlie joints. It also takes the place 
of bones in the embryo. \Vhen carti- 
lage is mixed with connective tissue, as 

in the ear, it ia called fibro-cartilage. ^'^^J^'^^}''^^^^^ 

(fi) Osseous Tlssne. — This hard, opaque 
tissue, called " bone," differs from the 
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former in haviog tLe iutercellular Bpaces or meshes filled 
with phosphate of Hme and other earths, instead of a hja- 
line Buhstance. It may be called petrified cartilage — tlie 
quantity of earthy matter, and therefore the bnttleness of 
the bone, increasing with the age of tlie animal. If a 
chicken-bone be left in 
dilute muriatic acid sev- 
eral days, it may be tied 
into a knot, Bince the 
acid has dissolved the 
lime, leaving nothing 
but cartilf^e and con- 
nective tissue. If a bone 
be burned, it becomes 
light, porous, and brit- 
tle, the lime alone re- 

mammg. p,„_ 7._Tn>DB«™8 secUon of B Bono {Hnnun 

Sone is a very VaSCU- FemnO, X no, ihowinE HiTsnlm codiIs. 

lar tissue, that is, it is traversed by minute blood-vessels 
and nerves, which pass through a net-work of tubes, called 
Haversian canals. The 
canals average tAtt o* 
an inch, being finest 
near the surface of the 
bone, and larger further 

Iin, where they form a 
cancellated or spongy 
structure, and finally 
merge (in the long 
bones) into the central 
cavity, containing the 
marrow. Under the 

Fi<i.&—FnitiU1 Bone of Harnin SknU under the miCTOSCOpC, each Canal 
microscope, (boiritig Ucunn and casitlcnlL , , 

appears to be the cen- 
tre of a maltitudo of laminm, or plates, arranged aronud it 
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Lying between these plates are little cavities, called laeuruE, 
from which radiate exceedingly fine pores, or catudiculi. 
The form of the lacuDse differs in the bones of different 
animals, being angular in Fishes, and oval in other ani- 
mals. The size is related, not to the eize of the animal, 
but to the size of the blood -corposcles, and is therefore 
greatest in Iteptiles. 

True hone is found only in Vertebrates, or baek-boned 
animals. 

<6) Dental Tiasoe. — Like bone, a tooth is a combination 
of earthy and animal matter. It may be called petrified 
epithelium. In the higher animals, it consists of three 
parts : dentine, fonning the body of the tooth, and always 
present ; eitamel, capping the crown ; and cement, covering 
the fangs (Fig. 29). The last is tmo bone, or osseous tis- 
sue. Dentine resembles bone, but differs in having neither 



Fio. 9.— Hlghlj tnagnlOed •eetlon of Dtnllne md Cement, from tho hng of ■ Hnm»n 
Malar: a, b, rnnrke oftbe orlj^ual dentin*] palp: d, dcDUnal labo, lennlullDg 
tn the Tcrj nciialtlTg, modlOed lafer, g; A, cement 

lacunte nor (save in Shark's teeth) canaliculi. It shows, in- 
stead, under the miscroscope, innumerable parallel tubes, 
readiing from the outside to the pulp-cavity within. The 
"ivory" of Elephants consists of dentine. Enamel is the 
hardest substance in the body, and is composed of minute 
six-sided fibres, set closely together. It is wanting in the 
teeth of most Fishes, Snakes, Sloths, Armadillos, Sperm- 
whales, etc. 

True dental tissne is confined to Vertebrates. 

(7) Mnsoolar Tlssoe. — If we examine a piece of lean meat. 
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we find it ia made np of a namber oifaacieuli, or bnndles 
of fibres, placed side bj side, and bound together by con- 
nective tifisne. Tbe mi- 
croscope infonoB us that 
each fibre is itself a bun- 
dle of Bmallerfibi'eB; and 
when one of these is 
more closely examined, 
it is foond to be inclosed 
in a delicate, glossy tnbe, 
called the sa^colemma. 
This tube is filled with 
very minnte, parallel 
fibrils, averaging Twinr 
of an inch in di&mete 
and having a beaded as- "" '^"""' " """"^ 
pect, each fibril being a row of cells. Tissue of this descrip- 
tion constitntes all ordinary muscle, or "lean 
meat," and is marked by regular cross-lines, 
or stricB. 

Besides this striated milscnlar tissue, there 
exist, iu the coats of the stomach, blood-ves- 
sels, and some other parts of Vertebrates, 
WJiooiA muscular fibres, or membi-ancSjAvUich 
show a nucleus under the microscope, and 
do not break up into fibrils. The gizzards 
of fowls exhibit this form. 

All muscle has the property of shorten- 
ing itself when excited ; but the contraction 
of the striated kind is under the control of 
tlie will, while the movement of the smooth 
Mn»eiitar Fibres, fibres 18 involuntary." Muscles are well sup- 
^rdHd^"&I plied withartcries,vein8,and nerves; but the 
imnsytnte «ptft color is duo to a Dcculiar picrmfflit, not to the 

chuted portloBS. blood. 
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MoBcular tissne is fonnd in all animals, from the Coral 
to Msu. 

(8) NerroiiB Tissae. — ^Nervona matter exists tinder three 
forma : First — the cellular, consiatiiig of DDcleated cells, 

Jvarj-ing from ^Vtt to ttt of an inch in 
diameter, and distributed through the body, 
particnlarl; in the gra; portion of the brain, 
apinal cord, and Derve-centree, or ganglia. 
Second — the ^rous, cousiating of pale, Sa.ty 
extreme!; fine filaments. They abonnd in 
'of^Ne^J^" *he sympathetic nerves, the only nerves 
.h«ih.orneBri. ioxmd in the Invertebrates. Third — tlie 

lemmn; i, nwd- 

niimT •nbitancfl tv^ulai: These are mnch larger than the 
■III Fyiinder, or fibrous, the coarsest being ^g^^ of an inch 
pr m re d , ^^ diameter. They consist of tnbes inclos- 
ing a transparent fibre and a viscid fluid called the nerve- 
marrow." The delicate tnbe itself ia called neurilemma, 



Fio. IS.— A Ganglion of tbe Sympntbetic l^erre of ■ House. 

analogous to the sarcolemma of mnscolar tissue. Nerve- 
tubea are found only in back-boned animals, and chiefly in 
the white substance of the brain and spinal cord. 

A bundle of fibrous or tubular nervous matter, surronDd- 
ed by connective tissue, constitutes a nerje. 
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S. Organs, and their FnnotfonEi. — Animala, like Plants, 
grow, reprodace, and die : these three are the capital facts 
of every organism. Oat of these ma; iseae some peculiar 
phenomena, as Motion and WiU. 

Life is manifested in certain special acts, called funo- 
tiom, performed hy certain special parts, called organs. 
Thne, the stomach is an organ, -whose function is digestion. 
A single organ may manifest vitality, bnt it does not (save 
in the very lowest forms) show forth the whole life of the 
animal. For, in being set apart for a special purpose, an 
organ takes upon itself, so to speak, to do something foi 
the benefit of the whole animal, in return for which it h 
abeolved from doing many things. The stomach is not 
called Qpon to circnlate or pnrify the blood. 

There may be functions without organs, aa the organlesE 
Arateba digests, respires, moves, and reproduces by its gen- 
eral mass. But as we ascend the scale of animal life, we 
pass from the simple to the complex : groups of cells or 
tissnes, instead of being repetitions of each other, take on 
a difference, and become distingnished as special parts 
with specific duties. The higher the rank of the animal, 
the more numerooB the organs. The more complicated 
the structure, the more complicated the functions. But in 
all animals, the functions are performed under conditions 
essentially the same. Thos, respiration in the Sponge, the 
Fish, and in Man has one object and one means, though 
the methods differ. A fnnc^on, therefore, is a group of 
similar phenomena produced by like causes. 

The life of an animal consists in the accnmulation and 
expenditure of force. The tissues are store-houses of pow- 
er, which, as they waste and decay, is given off in varions 
forms. Thus, the nervous tissue generates nerve-foi'ce ; the 
muscles, motion ; and the fatty elements, heat. If we con- 
template the phenomena presented by a Dog, the most 
obvious fact is hia power of moving from place to place, 
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a power produced by the interpla; of muscles and booee. 
We observe, also, that his motions arc neither mecbanical 
nor irregular ; there is method in liia movement. He has 
the power of willing, Beeing, hearing, feeling, etc. ; and 
tliese f iiDctioDB are accomplished by a delicate apparatus 
of nerves. 

But the D<^ does not exhibit perpetual motion. Sooner 
or later he becomes exhausted, and rest is necessary. Sleep 
gives only temporary relief. In every exerdse of the mos- 
clee and nerves there is a consumption or waste of their 
substance. The blood restores the organs, but in time the 
blood itself needs renevral. If not renewed, the animal 
becomes emaciate, for the whole body is laid under con- 
tiibution to fiimieh a supply. Hence the feelings of hun- 
ger and thirst, impelling the creature to Beek food. This 
alone will maintain the balance between waste and repair. 
We notice, therefore, an entirely different set of functions, 
involving, however, tlie nse of motion and will. The Dog 
seizes a piece of meat, grinds it between its teeth, sends it 
into the stomach, where it is digested, and then into the 
intestine, where it is further changed; there the nourisb- 
ing part is absorbed, and carried to the heart, which 
' propels it through little tubes, called blood-vessels, all 
over the body. In this process of digestion, certain fluids 
are required, as saliva, gastric juice, and bile: these are 
secreted by special organs, called glands. Moreover, since 
all the food eaten is not fitted to make blood, and as the 
blood itself, in going around the body, acts like a scaven- 
ger, picking up worn-out particles, we have another func- 
tion, that of excretion, or removal of useless matter from 
the system. The kidneys and Inngs do much of this ; but 
the lungs do something else. They expose the blood to 
the air, and introduce oxygen, which, we shall find, is es- 
sential to the life of every animal. 

These centripetal and centrifugal movements in the 
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body — throwing in and throwing out — are bo related and 
involved, especially in the lower forme, that they can not 
be sharply defined and classified. It has been said that ev- 
ery Dog has two lives — a veffetative and an animaL The 
former includes the procefises of digestion, circulation, roe- 
piration, secretion, etc., which are common to all life ; the 
fnnctions of the other, as motion, sensation, and will, are 
peculiar to animals. The heart is the centre of the vege- 
tative life, and the brain is the centre of the animal life. 
The aim of the vegetative oi^ns is to nonrish the individ- 
ual, and reproduce its kind ; the organs of locomotion and 
sense establish relations between the iiidividnal and the 
world without. The former maintain life ; the others ex- 
press it. The former develop, and afterward Bustain the 
latter. The vegetative organs, however, are not independ- 
ent of the animal ; for withont muscles and nerves we 
conld not pix)cnre, masticate, and digest food. The closer 
the connection and dependence between these two sets of 
oigaoB, tlie higher the rank." 

All the app&ratns and phenomena of life may be iu- 
clnded under the heads of 

NoTBinoy, 

Motion, , 

Sensation. 
These three are possessed by all animals, but in a varie- 
ty of ways. No two species have exactly the same mech- 
anism and method of life. We mnst learn to distinguish 
between what is vital and what is only accessory. Tliat 
only is essential to life which is common to all forms of 
life. Our bruns, stomachs, livers, hands, and feet are 
luxuries. Tliey are necessary to make ns human, but not 
living, beings. Half of our body is taken up with a com- 
plicated system ol digestion ; bnt the Amoeba has neithei 
mouth nor stomach. We have an elaborate apparatos of 
motion ; the Oyster can not stir no inch. 
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N'utrition, Motion, and Sensation indicate three steps 
np the grade of life. Thns, the firet ie the promiDcnt 
fnnctioD in the Coral, which simply "vegetates," the pow- 
ers of moving and feeling being very feeble. In the 
higher InBect, as the Bee, there is great activity with low 
organs of nutrition. In the etill higher Mammal, as Man, 
there is less power of locomoHon, though the most perfect 
uatritive sjvtem; but both functions are Baboidinato to 
Sensation, which is the crowuing development. 

In studying the comparative anatomy and physiology of 
the animal kingdom, our plan will be to trace the various 
organs and functions, from tlieir simplest expres^on up- 
ward to the highest complexity. Thus, Nutrition will 
begin with absorption, which is the simplest method of 
taking food ; going higher, we find digestion, but in uo 
particular spot in the body ; neit, we see it confined to a 
tube ; then to a tube with a sac, or stomach ; and, finally, 
we reach the complex arrangement in Man. 



CHAPTER YI. 
MtrmiTioN. 



Nutrition is the earliest and most constant of vital 
operations. While the organs of motion and sensation 
seem to be wanting in some lower forms, the means of 
vegetative life are always present. So prominent is the 
nutritive apparatus, that an animal has been likened to a 
mowng sac, organized to convert foreign matter into its 
own likeness, to which the complex organs of animal life 
are but auxiliaries. Thus, the bones and muscles are le- 
vers and cords to caiTy the body about, while the nervous 
system directs its motions in quest of food. 
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The objects of nutrition are growth, repair, and propa- 
gation. The first object of life is to grow, for no animal 
is bom finished. Some animals, like plants, grow as long 
as the; live ;" bnt the majority soon attain a fixed size. In 
all animals, however, without exception, food is wanted for 
another purpose than growth, namely, to repair the waste 
which is constantly going on. For every exercise of the 
moscles and nerves involves the death and decay of those 
tissues, as shown by the excretions. The amount of mat^ 
ter expelled from the body, and the amount of nourish- 
ment needed to make good the loss, increase with the ac- 
tivity of the animal. The supply must eqnal the demand, 
in order to m^otain the life of the individual ; and as an 
ot^nism can make nothing, it must seek it from without 
Not only are the muscles and nerves wasted by use, bnt 
every organ in the body ; bo that the whole structure needs 
constant renewal. An animal begins to die the moment it 
begins to live. The function of nutrition, therefore, is con- 
structive, while motion and sensation are deatructive. 

Another source of demand for food is the production of 
germs, to propagate the race, and the nourishment of snch 
offepring in the egg and infantile state. This reproduc- 
tion and development of parts which can maint«un an in- 
dependent existence is a vegetative phenomenon (for plants 
have it), and is a part of the general process of Nutrition. 
Bnt it will be more convenient to consider it hereafter 
(chapters xix., xx.). Still, another necessity for aliment 
among the higher animals is the maintenance of bodily 
heat This will be treated under the head of Respira- 
tion. 

For the present, wo will study NutriUon, as manifested 
in maintaining the life of an adult individual. 

In all animals, this process essentially consists in the 
introduction of food, its coiivertion into tiesve, and the 
removal of worn-out material. 
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1. The food miifit be procared, and ewallowed. (Inges- 
tion.) 

2. The food must be dissolved, and tlie nutritions parts 
separated into a fluid. (Digestion.) 

3. Tlie nutritive fluid must be carefully taken up, and 
tben distributed all over tlie body. (Absorption and Cir- 
cnlation.) 

4. Tlie nutritive fluid, now called blood, must be ex* 
posed to tbe air, to absorb oxygen and liberate carbonic 
acid. (Respiration.) 

5. The tissues must repair tbeir parts wasted by use, 
by transforming particles of blood into living matter like 
themselves. (Assimilation.) 

6. Certain matters must be strained from the blood, 
some to servo a purpose, others to be cast out of the Bye- 
tern. (Secretion and Excretion.) 

The mecbanism to accomplish all tliis in tbe lowest 
forms of life is exceedingly simple, a single cavity per- 
forming all tbe functions. But in the majority of ani- 
mals the apparatus is very complicated: there is a set of 
organs for the prehension of food ; another, for digestion ; 
a third, for absorption ; a fonrtli, for distribntion ; and a 
lifth, for purification. 



CHAPTER VII. 

THE FOOD OF ANIMALS. 



Tbe term food includes all substances which contribute 
to nutrition, wliether tliey simply assist in the process, or 
are actually appropriated, and become tissue. With the 
food is usually combined more or less indigestible matter, 
which is separated in digestion. 
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Food is derived from the mineral, vegetable, and animal 
kingdoms. Water and salt, for example, are inorganic. 
The former is the most abuddaot, and a very eseentiaL ar- 
ticle of food. Most of the lower forme of aqaatic life seem 
to live by drinking : their real nonrishment, however, is 
present in the water in the state of solution. The Earth-, 
worm, some Beetles, and certain savage tribes of Hen 
swallow earth ; bat this, likewise, is for the or^nic matter 
which the earth contains. As no animal, so far as we now 
know, is produced immediately from inorganic matter, so 
no animal can be sustained by it. 

Nutritions or tissue-forming food comes from the or- 
ganic world, and is either albtiminoua, as the lean meat 
of animals and the gluten of wheat ; oleoffinous, as animal 
fat and vegetable oil ; or aaccJtarine, as starch and sugar. 
The iirst is the essential food-stuff ; no substance can serve 
permanently for food — that is, can prevent loss of weight 
and change in the body — nnless it contains albuminous 
matter. The other two are not absolutely vital. Albumen 
contains nitrogen, which is necessary to tlie formation of 
tissue ; fats and sugars are rich in carbon, and therefore 
serve to maintain the heat of tlie body. Warm-blooded 
animals feed largely on farinaceous or starchy substances, 
which in digestion are converted into sugar. But any ani- 
mal, of the higher orders certainly, whether herbivorous or 
carnivorous, would starve, if fed on pure albumen, oil, or 
sugar. Nature insists upon a mixed diet, and so we find 
in all the staple articles of food, as milk, meat, and bread, 
at least two of these principles present. As a rule, the 
nutritive principles in vegetables are less abandant than 
in animal food, and the indigestible residue is consequent- 
ly greater. The nntriment in flesh increases as we ascend 
the animal scale ; thus. Oysters are less nourisliing than 
Fish ; Fish, less than Fowl ; and Fowl, less than the flesh 
of Quadrupeds. 
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Many animals, as most Insecte and Mammals, live solely 
on vegetable food, and some epeciee are restricted to par- 
ticular plants, as the Silk-wofm to tlie white inalberry," 
Bnt the majority of animalfi feed on one another; such are 
hosts of the microscopic forms, and nearly all the radiated 
species, marine Shells, Crustaceans, Beetles, Flies, Spiders, ' 
Fishes, Beptiles, Birds, and clawed Quadrnpeds. 

A few, as Man himself, are omnivorona, i. e., are main- 
tained on a mixture of animal and vegetable food. The 
use of fire in the preparation of food is pecnliar to Man, 
who has been called " the cooking animal." A few of the 
strictly herbivorous and caniivoroos animals have shown 
a capacity for changing their diet. Thus, tlie Horse and 
Cow may be brought to eat fish and fiesh ; the Sea-birds 
can be habituated to grain; Cats are fond of alligator- 
pears ; and Dogs take naturally to the plantain. Certain 
animals, in passing from the young to the mature state, 
make a remarkable change of food. Thus, the Tadpole 
feeds upon vegetable matter; bat when it becomes a Frog 
it lives on Insects. 

Many tribes, especially of !Reptiles and Insecte, are able 
to go without food for months, or even years. Insects in 
the larval, or caterpillar, state are very voracious; but 
upon reaching the perfect, or winged, state, they eat lit- 
tle — some species taking no food at all, the month being 
actually closed. The male of the minute JVotommata 
takes in no nutriment from the time it quits its e^ till its 
death. 

In general, the greater the facility with which an ani- 
mal obt^ns its food, the more dependent is it upon a con- 
stant supply. Thus, carnivores endure abstinence better 
than herbivores, and wild animals thaa domesticated ones. 
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HOW ANIMALS EAT. 



CHAPTEK Vin. 

HOW ARIHALS BAT. 



I. The Prehension of Food. — tl) Liqtdds. — The sitn- 
pleet method of taking nourisliment is by absorption 
through the akin. Tlie Tape -worm, for example, has 
neither month nor stomach, bnt imbibes tlie juices of the 
animal it infests. Many other animals, especially Insects, 
live npon liquid food, but obtain it by suction through a 
special orifice or tnbp. Thus, we find a mouth, or sucker, 
fnnii&hed with minnte teetli for lancing the skin of ani- 
mals, as in the Leech; a bristle-like tube fitted for pier- 
cing, as in the Mosquito ; a sharp sucker armed with barbs, 
to fix it securely daring the act of sucking, as in tlie 
Lonse ; and a long, flexible proboGcis, as in the Buttei'fly. 
Beee have a hairy, channeled tongne, and Flies have one 
terminating in a large fleshy knob, with or without little 
" knives" at the base for cntting the skin : both lap, rather 
than Buck, tlieir food. 

Most animals drink by suction, as the Ox ; and a few 
by lapping, as the Dog; the Elephant pumps the ■water up 
with its tnink, and then pours it into its throat ; and Birds 
(excepting Doves) fill the beak, and then, raising the head, 
allow the water to run down. 

Many aquatic animals, whose food consists of small par- 
ticles diffnsed through the water, have an apparatus for 
creating cun-ents, so as to bring such particles within their 
reach. This is partlcnlarly trae of low, fixed forms, wlilcli 
are unable to go In search of their food. Thus, tlie Sponge 
draws nonrishment from the water, which is made to cir- 
culate, through the system of canals traversing its body, 
4 
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by the vibration of minute hairs, or cilia, lining the ca- 
nals. The microscopic Infufioris have cilia surrounding 
the mouth, with whicli they draw or drive into the body 
little currents containing nutiitions paiticles. Bimlve 
ehellfi, as the Oyster and Clam, are likewise dependent 
upon this method of procuring food, the gills being 
fringed witli cilia. So the singular fish, Ampliioxus (tlic 
only example among Vertebrates), employs ciliary action 
to obtain the infusorial organisms on which it feeds. 
The Greenland Whale has a mode of ingestion somewliat 
unique, gulping great volumes of water into its mouth, 
and then straining out, through its whalebone sieve, the 
small animals wliicli tliu water may contain. 

(2) BoUds. — When tlio food Is in solid masses, whether 
floating in water or not, the animal is usually provided 
with prcliensile appciidc^es for 
taking hold of it. The jelly- 
like Am<£ba has neither mouth 
nor stomacli, but extemporizes 
them, seizing its food by merely 
applying its soft body to it, and 
then wrapping itself around it 

F.o.i4.-ARhi..pod<iw.i*,r™*.). '^^'f ""»"*« creatures (Fora- 
Willi pKudopiiiiiiietieiided, X 30. minifera) extemporize anna 
by throwing out thread-like prolongations of their bodies 
(pseudopodia), which adhere to their prey, and then con- 
tract 

A higher tj-pe is seen in Pol^ and Jelly-fishes, which 
have hollow tentacles around the entrance to the stomach 
{Fig. 194). These tentacles are contractile, and, more- 
over, are covered with an immense number of minute sacs, 
in which a highly elastic filament is coiled np spirally. 
Wlien tlie tentacles are touched by a passing animal, as 
a Crab, they seize it, and at the same moment throw out 
tlieir myi-iad filaments, like so many lassos, which increase 
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the adheei^e power of the tentacles, and probably also 
emit a fluid, which paralyzes the victim ; tlie mouth, 
meanwhile, expands to an extraordinary size, sud the creat- 
ure is Boon ingulfed in the digestive bag. 

In the next stage, we find no tentacles, but the food is 
bronght to the mouth by the flexible lobes of the body, 
commonly called "arms," which are covered with hun- 
dreds of minute suckers ; and if the prey, as an Oyster, is 
too large to bo swallowed, the stomach protrades, like a 
proboscis, and sucks it out of its shell. This is seen in the 
Star-fish (Fig. 207). 

A great advance is shown by the Sea-urchin, whose 
month is provided with five sharp teeth, set in as many 
jaws, and capable of being projected bo as to grasp, as well 
as to masticate, its food. 

In Mollasks having a Binglc shell, as tlie Snail, the chief 
organ of prehension is a strap- 
like tongue, covered with mi- 
nute recurved teeth, or spines, 
with which the animal raspe its 
food, while the npper lip is arm- 
ed with a sharp, homy plate 
(Fig. 27). In many marine spe- 
cies, as the Whelk, the tongne is 
situated at the end of a retractile 
proboscb, or mnscnlar tube. In 
the Cuttle-fish, we see tlic sndden 
development of an elaborate BJ'S- 
tern of prehensile organs. Be- 
eides a spinous tongue, it has a 

pair of hard mandibles, resem- pio.ib.— sntkenon thaTenttcieB 
bling the beak of a Parrot, and the »r 
working vertically ; and around }^j^^ 
the mouth ai-e eight or ten pow- *jf,,'~:"„*„;'': .^^.t 4,^1 
erf nl arms furnished with nnmer- bmne, ot "pi»ml,- f, 
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008 cap-like suckers. So perfect is the adhesion of these 
suokerB, it is easier to tear away a limb than to detach it 
from ita hold. 

The Articulated animals exhibit a great variety of 
means for procuring nourishment, in addition to the suc- 
torial contrivances already mentioned, the innumerable 
modifications of the mouth corresponding to the diverEity 
of food. The Earth-worm swallows earthy matter, which 
it secureB with its lips, the upper one being prolonged. 
Other worms (as Laodicea) are bo cbuBtructed that the 
gullet, which is frequently armed with teeth and forcepB, 
can be turned inside out, to form a probosciB for seizing 
prey. Millepedes, Caterpillars, and Gmbs have a pair of 
horny jaws moving liorizontally. The Centipede has a 
second pair of jawa, which are really modified feet, ter- 
minated by curved fangs containing a poison-duct. The 
Horse -shoe Ci-ab uses its feet for prehension, and the 
thighs, or bftsal joints, of its legs to masticate the food 
and force it into the etomach. The first six pairs of legB 
in the Lobster and Crab are likewise appropriated to con- 
veying food into the mouth, the sixth being enormously 
developed, and furnished with powerful pincers, one of 
which serves as aii anchor, enabling the creature to hold 
fast to some fixed object, 
while the other is an instru- 
ment for Ecizing or cutting 
its prey. Scorpions have a 
I similar pair of claws for 

prehension, and also a pair 

Fia. IS. —One of UiaTangi. or Perforated of Email forcepB for hold- 

"""""•"""'*""■ ing the food in contact with 

the mouth. In their relatives, the Spiders, the claws are 

wanting, and the forceps end in a fang, or hook, which is 

perforated to convey venom." 

The biting Insects, as Beetles and Locusts, have two 
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pftirs of horny jaws, which open sidewise, one above and 
the other below the oral orifice. The upper pair are called 
mandiblea; tho lower, maxillEe. The former are armed 
with sharp teeth, or with cutting edges, and sometimes are 
fitted, like the molars of quadrapeds, to grind the food. 
The maxillse are similar, but smaller, and in some lusects 
have appendages, called palpi, or feelers, which not only 
select, but hold, the food steady while they ai-e divided by 
the mandibles and maxillsa : such appendages represent a 
third pair of jaws. The Mantis seizes its prey with its 
long fore legs, crushes it between its thighs, which are 
armed with spines, and then delivers it up to tho jaws for 
mastication. All Articulates move their jaws horizontally. 
The back-boned auimals generally apprehend food by 
means of their jaws, of which there are two, moving ver- 
tically. The toothless Stni^eon draws in its prey by pow- 
erful snction. The Hag -fish has a single tooth, which it 
plunges into the sides of its victim, and, thus securing a 
firm hold, bores ite way into the fiesh by means of its saw- 
like tongue. But Fishes are usually well provided with 
teeth, which, being sharp and carving inward, are strictly 
prehensile. The tins and tongne are not prehensile. A 
mouth with homy jaws, as in the Turtles, or bristling with 
teeth, as in the Crocodile, is the only means possessed by 
nearly all Eeptiles for securing food. The Toad, Frog, 
and Chameleon capture insects by darting out tho tongue, 
which is tipped with glutinons saliva. The constricting 
serpents (Boas) crush their prey in their coils before swal- 
lowing; and the venomous Snakes have a poison-fang. 
No Beptile lias prehensile lips. All Birds use their tooth- 
less beaks in procuring food, but birds of prey also seize 
with their talons, and Woodpeckers, Hummers, and Par- 
rots with their tongues. The beak varies greatly in shape, 
being a hook in tlie Fagle, a probe in the Woodpecker, and 
a shovel in the Duck. 
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Among tlie Quadrnpede 'we find a few epeoial coutriv- 
ances, as the trnnk of tho Elephant, and the long tongnes 
of the Giraffe and Ant-eater ; but, as a rule, tlie teeth are 
the chief organs of prehension, alwajv aided more or lees 
by the lips. Euminants, like the Ox, having hoofs on 
their feet, and no upper front teetli, employ the lips and 
tongue. Snch as can stand erect on the hind legs, as the 
Squirrel, Bear, and Kangaroo, 
ase the front limhs for holding 
the food and bringing it to the 
month, but never one limb alone. 
The clawed animals, like the Cat 
and Lion, make i^se of their feet 
in eecnring prey, all fonr limbs 
being furnished with cun'ed re- 
tractile claws; but the food is 
conveyed into the month by llie 
movement of the head and jaws. 
Man and the Monkeys employ 
the hand in bringing food to the 
mouth, and the lipa and tongae 
F,a.i7.-Amorih,T!.»o,bieM m taking it into the cavity. The 
Hanker (JMh). thumb on the human hand is 

longer and more perfect than that of the Apes and Mon- 
keys ; but the foot of the latter is also prehensile. 

2. The Mouths of Ai^iTnala . — In the Parasites, as the 
Tai>e-worm, which absorb notiriehment through the skin, 
and Insects, as the Kay-fly and Bot-fly, which do all their 
eating in the larval state, the mouth is either wanting or 
rudimentary," The Amceba, also, has no mouth proper, 
but wraps itself around its food. 

In the Animalcules it is simply a round or oval open- 
ing to the body-cavity, generally bordered with cilia, and 
situated on the side of the body, or at one extremity. 
An elliptical or quadrangular orifice, surrounded with 
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tentacles, and leading directly to the stomach, is the ordi- 
naiy month of the Polyps and Jelly-fishes. In those 
which are fixed, as the Actinia, Coral, and Ilydra, the 
month looks upward : in tliose winch freely move abont, 
as the Jelly-fish, it is generally underneath, the position of 
the animal being reversed. In some, the margin, or lip, . 
can be protruded like a proboscis ; and in all it is exceed- 
ingly dilatable. 

The month of the Star-fish and Sea-nrchin is a simple 
round aperture, followed by a very slioit tliroat. In the 
Star-fish, it is inclosed by a ring of hard tubercles. In the 
Sea-nrchin, it is armed with five sharp teetli, resembling 
little conical wedges, set in as many jaws, and snrronnded 
by a muscnlar membrane and minute tentacles. 

Among tlie headless Mollnsks which do not move about, 
the oi-al apparatus is very simple, being inferior to that of 
the radiated animals. Thus, the immovable Aecidian baa 
a mouth without tentacles or lips, and in a strange place, 
for it is in the interior of the body, at the bottom of the 
respiratory sac; the aperture at the top of tlie creature 
being really for the entrance of water for the double pur- 
pose of respiration and nutrition, and any alimentary par- 
ticles which enter with the water must find their way to 
the true mouth below. In the Oyster and Bivalves gen- • 
erally, the mouth is an unarmed slit— a mere inlet to the 
stomach, situated in a kind of hood, formed by the union 
of the gills at their origin, and between two pairs of deli- 
cate lips. These lips make a furrow, along which pass the 
particles of food drawn in by the cilia. 

Of the higher Mollusks, the little Clio (one of the Ftero- 
pods) has a triangular moutli, with two jaws armed with 
sharp homy teeth, and a tongue covei'cd with spiny hook- 
lets all directed backward. Some Univalves have a sim- 
ple fieshy tube. Others, as the Whelk, have an extensible 
proboscis, which unfolds itself, like the finger of a glove, 

Google 



56 COMPAKATIVE ZOOLOGY. 

and carries within it a rasp-like tocgue, which can bore 
into the hardest Bhells. Snch as feed on vegetable matter, 
s the Snail, have no proboe- 
ciB, but on the roof of the 
I mouth a curved horny plate 
fitted to cut leaves, etc., wliich 
are pressed against it by the 
lips, aud on the floor of the 
mouth a small tongue covered with delicate strite. As 
fast as the tongue is worn ofF by use, it grows out from 
the root. 

The mouth of the Cuttle-fish strikingly resembles that 
of the Vertebrates, and is the most elevated type below 
the Fishes. A bi-oad circular lip nearly conceals a pair 
of strong horny mandibles, not unlike the beak of a par- 
rot, but reversed, the upper mandible being the shorter of 
the two, and the jaws, which are cartilaginous, are imbed- 
ded in a mass of muscles, and move vertically. Between 
them is a fleshy tongue covered witli papillte and spines. 

The parasitic Worms, living within or on the outside 
of other animals, generally have a sncker at one end or 
nndemeath, serving simply for attachment, and another 
which is perforated. The latter is a true suctorial month, 
being the sole inlet of food. It is often surronnded with 
booklets or teeth, which serve both to scarify the victim 
and secure a flrni hold. In the L^ech, the mouth is a 
triangular opening with thick lips, the npper one prolong- 
ed, and microscopic teeth. In many "Worms it is a fleshy 
tube, which can be drawn in or extended, like the eye- 
stalks of the Snail, and contains a minnte dental appara- 
tus inside. 

Millepedes and Centipedes have two lateral jaws a>d a - 
fonr-lobed lip. 

In Lobsters and Crabs, the mouth is situated underneath 
the head, and consists of a soft upper lip, then a pair of 
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Fm. Ul—UodUi of ■ Lncnst diiMded: 1, Ubram, or apper Up; a, nuDdlblet; S, 
Jiwii 4.UbIiuD, or lowBr Up; B, toogoe. The tppaadsEM 10 the muillB ud 
lami lip uv palpi. 

upper jawa provided with a short feeler, below which is a 
thin bifid tongne ; then follow two pairs of membranous 
under jaws, which are lobed and hairy ; and next, three 
pairs of feet changed into jaws (Fig. 244). The Horse-shoe 
Crab has no jaws, tlie thighs answering the purpose. The 
Barnacle has a prominent month, with three pairs of rudi- 
mentary jawB. 

With few exceptions, the months of Insects in the larval, 
or caterpillar, state are fitted only for biting, the two jaws 
being homy shears. But in the winged, or perfect, state, 
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Insects may be divided into the 

masticating (as the Beetle) and 

the suctorial (as the Butterfly). 

In the former group, the oral 

apparatus eonsiBts of two pairs 

of homy jaws {mandibles and 

maxillft), which work liorizon- 

tally between an upper {labrum) 

and. an imder (ioWum) lip. The 

maxillaj and under lip carry sen- 

Bitive jointed threadsj or feelers 

(palpi). The front edge of the 

labium is commonly known as 

the tongue {ligula)." In ench 

a mouth, the mandibles are tlie 

Pio. »o.-H«»a of a wild B» (^n- most important parts ; bnt in 

'Z'P.IT2\Tl^^::■. X P'l^ing to the suctorial Insects, 

jnb^m"/™'^!;!^"'™.™!"^ ■^^ ^"^ *'^*' *^'*' ™a"<i'ble8 are 

», maiuinrj pnipi : I, p«ipiper; j, BccondaTT to the maxillse and la- 

Inblnl paliii; n, piir»Bl«««« ; *. , . , . , ., , 

iiguu. bium, which are the only means 

of taking food. In the Bee tribe, we have a transition 
between tlie biting and the sacking Insects — the up- 
per jaws " Bupply 
the place of trow- 
els, spades, pickaxes, 
sawB, scissors, and 
knives," while the 
maxillsB are develop- 
ed into a sheath to 
inclose the long, slen- 
der, hairy tongue 
which laps up the 
sweets of flowers. In 
the suctorial Butter- 
fly, the lips, mandi- Fiq. ii.— ProboKHoriBiiiUifl;. 
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bles, and palpi are reduced to rudi- 
ments, U'Lilo the maxillsQ are the only 
useful oral organs. These are excessive- 
ly lengthened into a proboscis, their 
edges locking by means of minute teeth, 
80 as to form a central canal, through 
which the liquid food is piin^ped op into 
the mouth. Seen under the microscope, ^H™TflJ™In^,^ 
the proboscis is made npof innumerable kbwIo): o.uiiaDu»i 
rings interlaced with spiral muscular msiiiiw; mp, nmiii- 
-£.hres. TJic proboscis of the Fly is a (.labiDm/ortongM. ' 
modified lower lip; that of 
tlie Bugs, fitted both for 
piercing and suction, is 
formed by the union of 
four bristles, which are the 
mandibles and maxillee 
strangely altered. 

As most of the Arachnids 
live by suction, the jaws are 
seldom used for mastica- 
tion. In the Scorpion, the 
apparent representatives of 
the mandibles of an Insect 
are transformed into a pair 
of small forceps, and the 
palpi, so small in Insects, 
are developed into formi- 
dable claws : both of these 
organs are prehensile. In 
Spidere, the so-called man- 
FM.tB.-ruaerSdrfe«ofM«i.Spi<ier;a, diblcB, which move morc 
of'^;S".''J;^/twnm'°ft1S^^ °' ^^ Vertically, end in a 

llmba; I, BbdnmcDi I, aptniiereU: «, fang: and tllO club-like pal- 

ni«iHiiii7 ps1pn>i rf, dllitad tennlml . °' , ,. / 

joiuL pi, often resembhng legs, 
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have nothing to do with ingestion or locomotion. Both 
Scorpions and Spidere have a soft npper lip, and a groove 
withio the month, -which serves as a canal while sucking 
their prey. The toogae is external, and situated between 
a pair of diminutive loaxillse. 

The month of Vertebrates is a cavity with a fixed roof 
(the hard palate) and a movable floor (tlio tongoe and 
lower jaw), having a transverse opening in front," and a 
narrow outlet behind, leading to the gullet Save in Birds 
and some others, the cavity is closed in front with lips, and 
the margins of the jaws are set with teeth. 

In Fishes, as in nearly all aquatic animals, the mouth is 
the common entry to both the digestive and respiratory 
organs ; it is, therefore, large, and complicated by a mech- 
anism for i-egulating the transit of the food to the stomach 
and the aerated water to the gills. The slits leading to 
the gills ai-e provided with rows of processes which, like 
a sieve, prevent the entrance of food, and with valves to 
keep the water, after it has entered the gills, from return- 
ing to the mouth. So that the months of Fishes may be 
said to be armed at both ends with teeth-bearing jaws. A 
few Fishes, as the Stni'geon, are toothless; but, as a class, 
they have an extraordinary dental apparatus— not only the 
upper and lower jaws, but even the palate, tongue, and 
tlii'oat, being sometimes stndded with teeth. Every part 
of the month is evidently designed for prehension. Lips 
are usnally present ; but the tongue is often absent, or very 
small, and as often aids respiration as ingestion. 

Reptiles have a wide mouth, even the insect -feeding 
Toads and the Serpents can stretch theii's enormously. 
True flesliy lips are wanting; hence the savage aspect of 
the grinning Crocodile. ' With some exceptions, as Toads 
and Turtles, the jaws are armed with teeth. Turtles are 
provided with honiy beaks. The tongue is rarely absent, 
but is generally too thick and short to be of much use. 
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In the Toad, Frog, and Chameleon it is Bingtilarly exten- 
sile: rooted in front and free behind, it is shot from the 
month with stich rapidity that the Insect is seized and 
shallowed more qnicklj than the eje can follow. Snakes 
have a Blender forked tongue, consisting of a pair of mns- 
cnlar cylinders, which is solely au inBtniment of tonch. 

Birds arc without lips or teeth, the jaws being covered 
with bom forming a beak. This varies greatly in shape, 
being extremely wide in tlie Whip-poor-will, remarkably 
long in the Pelican, stent in the Eagle, and slender in the 
Hammer. It is hardest in those that tear or bruise their 
food, and softest in water-birds. The tongne is also cov- 
ered with a homy sheath, and generally spinons, its chief 
function being to Becnre the food when in tlte month. It 
is proportionally the largest and most flesby in the Par- 
rots. 

The main chantcterjEtics of the mammalian month are 
fleshy lips and mobile cheeks." In the duck-billed Mon- 
otremes lips are wanting, and in the Porpoises they are 
barely represented. Bat in the herbivorous quadrupeds 
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tliej are the chief organB of preliension ; in tbo caruivo- 
rooB tribea they are thin and retractile ; while in the 
Whale the upper lip falls down like a curtain, overlap- 
ping the lower jnw Bevcral feet. Aa a mle, the month is 
terminal; bnt in the Elephant, Tapir, Hog, and Shrew, 
the npper lip blends with the nose to form a proboscie, or 
enout. The moutli is comparatively email in the Elephant 
and iu gnawing animals like the 
Squirrel, wide in the Carnivores, 
short in the Sloth, and long in 
the Ant-eater. Teeth are ueiuI- 
ly present, but ^ary in form and 
number with the habits of the 
animal. The Ant-eater is tooth- 
less, and tlie Greenland Whale 
has a sieve made of horny plates. 
The tongae confoims in size and 
^liape witli the lower jaw, and is 
a muEcnlar, sensitive oi^n, wliich 
P.o.a.-nam<inT™en« .rd ad- ^crves many purposes, assisting in 
jnceDtjMrt.: a.uneq.ip«piite, the prehension, mastication, and 

b, pnpllla forming V-ih«ped ' ' ' 

lines; d. fnnriforni pnpllln; •, SWalloWinC of food, besides bc- 
fllirorm poptltei !f, eplgtottlii , ,. i , 

m, nvutD, or miiicAi promMi, mg an organ of taste, touch, and 

n;°^"hB^pf,t«^'T!'piTJ'in» Bpeccli. Its Burface is covered 

tai^%mo\eT™«cIi™ofthe '^'t^ minute prominences, called 

iowerjsw. papHlcB, which are arranged in 

lines with mathematical precision. Tn the Cats, these are 

developed into recurved spines, M'liich the animal uses in 

cleaning bones and combing its fur. Similar papiUffi 

occur on the roof and sides of the mouth of tlie Ox and 

other Ruminants. The tongue is remarkably long in the 

Ant-eater and Giraffe, and almost immovable in the Gnaw- 

ei-s, Elephants, and Whales. 

3. The Teeth of Animals. — Nearly all animals have 
certain hard parts within tlie mouth for the prehensiou or 
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triiuration of solid food. If wanting, the legs are often 
armed irith spioee, or pincers, to serve the eame purpose, 
OS in the Horee-shoe Crab ; or tlie stomach is lined willi 
"gastric teeth," as in florae marine Snails; or the deficiency 
is supplied by a uiuscular gizzard, as in Birds, Ant-eaters, 
Insects, and Cuttle-fishes. Even the Lobster and Crab, in 
addition to their complicated oral organs, have the stom- 
ach fumbhed with a powerful set of teetli. 

The Sea-urchin is the first of animals, and the only one 
below Articulates and MoUusks, which cxhihils any thing 
like a dental ap- 
paratns. Five 
calcareous tcetli 
liBving the shape 
of tliree - sided 
prisms, each set in 
a triangular pyr- 
amid, or " jaw," 
are moved upon 
each other by a 
complex arl-angC- Fia.»t— EdiiDiiablB«ctea,»bowl«BinMll(»ttiig»pp«riHi». 

ment of Icvcre and muscles. Instead of moving up and 
dq^vn, as in Vertebrates, or from right to left, as in Articu- 
lates, they converge toward the centre, and the food passes 
between ten grinding surfaces. 

The minute Eotifers (a gronp of minute Articulates) 
have a curious pair of homy jaws. That which answers 
to the lower jaw is fixed, and called the "anvil," The 
upper jaw consists of two pieces called " hammere," which 
are sharply notched, and beat upon the "anvil" between 
them. 

The liomy-toothed mandibles of Insects, already men- 
tioned, are mainly pi-ehensile, but also serve to divide the 
food in a measure. 

The three little white ridges in the mouth of the Leech 
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are the convex edges of horny semiciicles, each hordcred 
by a row of nearly a hnndred liard, sharp teeth. When 
the moutli, or suck- 
er, is applied to 
the skin, a sawing 




|<"|j4^i movement is given 

■""^-^ to the liornv ridges, 

60 that the " bite " 

Ra. ST.— Tsetli ud Hutldtorr ApparElni ofOMtero- r i t t. ■ 

pa(l>:^,porliaiiorodDntopb(in,ar-'ttnigDe,"orViI- 01 tllO i^eCtl IS re> 

tiHiia, mltigta-, £, portion or DdODlophon atWtadk „ii,, „ _._,„+ 

(Bucdnam vndatum), nugnlBed — the enlira tanROS ""j * Baw-CUl. 

:"'r,'^^S';".',"'^™'f''^r.'i:'':^ The dentition of 



lusks, or the Snails, b general- 
ly lingual, i.e., it consists of 
microscopic teetii, nsnally si- 
liceous and amber - colored, 
planted in rows on the tongue. 
The teeth are, in fact, the ser- 
rated edges of minute plates. 
The number of these plates 
varies greatly; the garden 
Slug has 160 rows, with 180 
teeth in each row. 

All Birds, and some other 
Vertebrates, as Ant-eaters," 
Turtles, Tortoises, Toads, and 
Sturgeons, have no teeth. 
Their absence is generally 
associated with a horny beak, 
a wide gullet, and a muscular 
stomach (gizzard). 

In a few Vertebrates, homy p,g 



JS.— SecUon of Ihe CpperJiwo(« 



as the Duck Mole (Oraitho- llgnmentonBgnrnMlacbiiiKtlietiorny 

rhyncbus) and wlialebone otbruutu (.nuiieriiUiMi. 
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Wliale. In the former, the plates cousist of closely set 
vertical hollow tabes ; in the latter, the baleen, or whale- 
bone, plates, triangular in sliape, and fiinged on the inner 
side, hang in rows from the gums of the upper jaw. In 
some Whales there are about 300 plates composing the 
outer row in each jaw." 

True teeth, consisting mainly of a hard, calcareons sub- 
stance called dentine, are found only in back- boned ani- 
mals. Tliey are distinct from the skeleton, and differ from 
bone in containing more mineral 

matter, and in not showing, under ' 

the microscope, any minute cav- 
ities, called laeun(B. A typical 
tooth, as found in Man, consists ' 
of a central mass of dentine, cap- 
ped with enamel and surrounded 
with cement. The Urst tissue is 
always present, while the others 
may be absent It is a mixture 

of animal and mineral matter dis- _ „ „ 

Ko. M Seelion of HuniaQ Mo- 
posed in the form of extremely Ur, gnlari^: t, irown: a, 

£ne tubes and cells, so minnte as da^tino;' e,"ccm»it"V pW 
to prevent tlie admission of the "*"'■ 
red particles of blood. One modification of it is ivory, 
seen in the tusks of Elephants. Enamel is the hardest 
tissue of the body, and contains not more than two per 
cent, of animal matter. It consists of six-sided ffhi-es set 
side by side, at right angles to the snrfaces of the dentine. 
Cement closely resembles bone, and is present only in the 
teeth of the higher animids. 

Teeth are nsnally confined to the jaws ; but the ninnber, 
size, form, structure, position, and mode of attachment vary 
with the food and habits of the animal. As a rule, ani- 
mals developing large numbers of teeth in the back part 
of the month are inferior to those having fewer teeth, and 
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thoBe nearer the lipe. The teeth of MaiDiQals only have 
fangs. 

The teeth of Fishes present the greatest vai'iety. In 
number, they range from zero to hundrede. The Hag-fish 
{Myxine) has a single tooth on the roof of the month, and 
two serrated plates on the tongue ; white the mouth of the 
Pike is crowded with teeth. In tlio very lowest of the 
tilase, we find teeth, short and blunt, in tlie shape of cubes, 
or prisms, arranged like mosaic work. Such pavement- 
teetli (seen in some Rajs) are fitted for giinding sea-weed 
and crushing shell-fish. But 
the cone is tlie most common 
form : sometimee so slender 
and close as to resemble 
plusli, as in the Perch ; or of 
large size, and flattened like 
a epear-head with serrated 
F.aso.^™n„ap..em.„Meethot edgcs, OS ill the Shark; but 
titanu^iiiAak*). moFB oftcn like the canines 

of Mammals, cnrved inward to fit tliem for grappling. 
In the Shark, the teeth are confined to the fore part of the 
month ; in tlie Carp, tliey are all situated on the bones of 
the throat ; in the Parrot-fisli, they occupy both back and 
front ; but in most Fishes, the teeth are developed also on 
the roof, or palate, and, in fact, on nearly every bone in 
the mouth. They seldom appear (as in the Salmon) on 
the upper maxillary. As to mode o£ attachment, the teeth 
are generally anchyloscd (fastened by bony matter) to the 
bones which support them, or simply bound by ligaments, 
as in the Sliart. In a few Fishes, the teeth consist of 
flexible cartilage ; bnt almost invariably they are com- 
posed of some kind of dentine, enamel and cement being 
absent 

Of Eeptiles, Toads, Turtles, and Tortoises are tootliless; 
Frogs have teeth in the upper jaw only ; Snakes have a 
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more complete set, bnt Sauriaits poseesB the most perfect 

dentition. Tlie number is not fixed even in tbe eamc 

species : iu the Alligator it varies from 72 to 88. The 

teeth are limited to the jawbones in the higher forms 

(Saarians) ; but in others, as the Serpents, tiie; are pbinted 

also in the roof of the montli. With few exceptions, they 

are conical and curved (Fig. 35). In the Serpents they 

are longest and sharpest ; and the venomons species have 

two or more fangs in the upper jaw. These fangs contain 

a canal, through which the 

poison is forced by muscles 

which compress the gland. 

The bones to which they 

are attached are movable, 

and the fangs ordinarily lie 

flat npon the gnma, but are Fio- bi.— poIboi 

brought into a vertical posi- ite Obk,'/: ■ 

tion in the act of striking. iirnd?r^i"^"EUna';'';nttre'^"™t 

As a rule, the teeth of Rep- '"^J"™; »■ '""*'^ 

tiles are simply soldered to tlie bono which supports them, 

or lodged in a groove ; bnt those of Crocodiles are set in 

sockets. Reptilian teeth are made of dentine and a thin 

layer of cement, to which is added in most Saurians a 

coat of enamel on the crown. 

In the majority of Mammals, the teeth are limited in 
nnmber and definite in their forms, Tlie number i-anges 
from 1 in the Narwhal {but the longest tooth in the king- 
dom) to 220 in tlie Dolphin. The average is 32, occurring 
in Rnminants, Apes, and Man ; bnt 44 (as in the Hog and 
Mole) is called the typical or normal nnmber, and this 
number is exceeded only in the lowest groups. When 
more than 44, the teeth are of the Reptilian type, sinall, 
pointed, and of nearly equal size, as in the Porpoise. In 
the higher Mammals, the teeth are comparatively few, 
and differ so much in size, shape, and use, that they can 
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be classed into iiiciEore, caiiiues, premolars, and molai-s. 
For sncli a dental series exhibits a double purpose, pre- 
benBion and mastioation. Tlie cliisel - shaped front teeth 
are fitted for cutting the food, and bence called incisors. 
These vai'}' in number: the Lion has six in each jaw; the 
Sqnirrel haa two in each jaw, but remarkabl)' developed ; 
the Ox lias none in the upper jaw, and the Elephant none 
in the lower ; wliile the Sloth has none at all." The ca- 



?ia. S!.— Sknil of tha B«lilnie«, oi MdIujiid Hog, ■boirlDS gTOvtb and cnrratare of 

nines, so called because so prominent in the Dog, arc 
conical, and, except in Man, longer tlian the other teetli. 
They are designed for seizing and tearing ; and they are 
the most formidable weapons of the wild carnivores. 
There are never more than fonr. They are wanting in 
all Rodents, and in nearly all herbivorous qnadrupeds. 
The molars, or grinders, vary gieatly in Bliai^e, but close- 
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ly con'espond with the Btrnctnrc and habits of the animal, 
so that a single tooth is snfficent to indicate the mode of 
life and to identify the species." In tlie Knminants, Ro- 
dents, Uorses, and Elephants, the sninniits of the molars 
are fiat, like miU-etonee, \vith traoarerse or cnrving ridges 
of enamel. In the Cats and Dogs, they are nan-ow and 
sharp, passing bj each other like the blades of Ecie&ors, 
and therefore cutting, rather than grinding, the food. 
The more purely carnivorous the species, and the more 
it feeds npon living prey, the fewer the raolai's. In ani- 
mals living on mixed diet, as the Hog and Man, the 
crowns have blunt tubercles. Fremolai's, or bicuspids, 
are those which were preceded by milk-t«eth ; the true, 
or back, molars had no predecessors. 

The dentition of Mammals is expressed by a formula, 
which is a combination of initial letters and figures in 



fractional form, to show tlie number and kind of teeth 
on each side of both jaws. Thus, the formula for Man 

'B : t, fzi ; ") ITT ; i'j 5^ ; ^)\i\ = ^^- 

The teeth of Mammals are always restricted to the mar- 
gins of the jaws, and form a single row in each. But tliey 
never form an unbroken series in any living species, ex- 
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cept Mall." The teetli implanted in the premaxillary hone, 
and in the corresponding part of the lower jaw, -whatever 
their number, are incisors. The Si'Bt tooth behind the pre- 
maxillary, if sharp and projecting, is a canine. 

Each t«)Oth lias its particnlai' bony socket" Tlie molara 
are still further strengtliened by having two or more di- 
Tergiiig fangs, or roots, a featui'e peculiar to tliis class. 
Tlie incisoi-3 and canines liave but one fang; and those 
that ai-e perpetually growing, as the incisors of Kodents 
and Elephants, Iiave none at all. The teeth of flesh-eat- 
ing Maniinals usually consist of hard dentine, surrounded 
with cement and capped witli enamel. In the herbivo- 
rons tribes, they are veiy complex, the enamel and cement 
being inflected into the dentine, forming folds, as in the 
molar of the Ox, or plates, as in the compound tooth of the 
Elephant This an-angement of the thi-ce tissues, which 



Tta. 34.— rpper Motor Tooth of lodlmi 
cement! one-llilrd nMarnl tli4. ' 

differ in hardness, secures a surface with prominent ridges, 
well adapted for grinding. Tlie cutting teeih of the Ro- 
dents consist of dentine, with a jilate of enamel on the 
anterior surface, and tlie unequal wear preserves a chisel- 
like edge. Enamel is sometimes wanting, as in the molai'S 
of the Sloth and the tusks of the Elephant 

In Fishes and Reptiles, there is an almost unlimited 
snccession of teeth ; l)ut Mammalian teeth are cast and 
renewed but once in life. 
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Vertebrates nse tlieir teetli for the prelieDston of food, 
as weapons of offense or defense, as aids in locomotion, 
and as inBtrnhients for uprooting or cutting down ti-ees. 
But iu the higher class, tliej are piincipsll; adapted for 
dividing or grinding the food," Wliile in nearly all other 
Vertebrates the food is bolted entire, Mammals masticate 
it befoi-e swallowing. Animals that mastieatc most thor- 
oughly, digest most rapidl;. Mastication, however, is 
more essential in the digestion of vegetable than of ani- 
mal food ; and henue we find the dental apparatus most 
efficient in tlie lierbivorous quadrupeds. Tlie food is most 
perfectly reduced by the Kodents. 

Teeth, as we shall see, are appendages of the skin, not 
of the skeleton, and, like otlier superficial oi-gans, are lia- 
ble to be modified in accordance with tlie habits of the 
creature. Tliey are, tlierefore, of great zoological value; 
for, such is the harmony between them and their nses, the 
naturalist can predict tlie food aud general structure of an 
animal from a sight of the teeth alone. For the same rea- 
son, they form important guides in the classification of ani- 
mals; while tlieir durability rendere them available to the 
paleontologist in tlio determination of the nature and af- 
finities of extinct speciea, of wliicli they are often the sole 
remains. Even the stnictiiro is so peculiar that a frag- 
ment will sometimes sufilce. 

4. Deglutition, or How Animals Swallow. — In tlie 
lowest forms of life, the mouth is but an aperture opening 
immediately into the body-cavity, and the food is drawn 
in by ciliary currents. But in the majority of animals, a 
muscular tube, called the gullet, or (esophngns, intervenes 
between the month and stomach, the circular fibres of 
which contract, in a wave-like manner, from above dowu- 
wai-d, propelling the moi-ael into the stomach." In the 
higher MoUnsks, Articulates, and Vertebrates, deglutition 
is generally assisted by the tongue, wliich presses the food 
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backward, and by a glairy juice, called saliva, wliicli fa- 
cilitates its passage through the gullet" Vertebrates Lave 
a cavity behind the mouth, called the throat, or pharynx, 
which may be considered as a funnel to the cesopliagns." 
In air-breathers, it has 0[>enings leading to the windpipe, 
nose, and ears. In Man, as in Mammals generally, the 
process of deglutition is in this wise : the food, masticated 
by the teeth and lubricated by the saliva, is forced by the 
tongue and cheeks into the pharynx ; the soft palate keep- 
ing it out of the nasal apertnre, and the valve-like epiglot- 
tis falling down to form a bridge over tlie opening to the 
windpipe. The moment tlie pharj'nx receives the food, 
it grasps it tightly, and, the muscular fibres contracting 
above it and left lax below it, it is mpidly thrust into tlie 
oesophagus, Ilere, a similar movement (the peristaltic) 
strips the food into the stomach." The rapidity of these 
contractions transmitted along the cesophagns may be ob- 
served in the neck of a Horse while drinking. 

Deglutition in the Serpents is painftdly slow, and some- 
what pecnliar. For how is an animal, withont limbs or 
molars, to swallow its prey, which is often mncli larger 
than its own body? The Boa -constrictor, e.ff., seizes the 



Pio. Be.— SknllorBoa-comtrlclor: 1, fronUli *, |)refronlBl; 4, poitfmnWl: B, b»!l- 
occlpltat : e, tjihenold ; T. pniidal ; It, miuiaid ; IS. iltaiiheiiold ; IT, premaill- 
liay ! IK, mulllnry ; W, uaul i S4, [roneverH ; K, liilernni plerj^ald ; U, denial, 
lower JBV! 30, SO, ■ugnliir; u, Ijmpiinlc: *, iirenasal! s, petrosal. 
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head of its victim with its Blisrp recurving teoth, and 
crashes the body with its overlapping coils. Then, slow* 
ly uncoiling, and covering the carcase with a slimy mucus, 
it thrusts the head into its mouth by main force, the mouth 
stretching inarvelougly, the skull being loosely pnt to- 
getlier. One jaw ia then nnfixed, and the teeth withdi-awn 
by being pushed forward, when they are again fastened 
farther back u[fon the animal. The other jaw is tlien pro- 
truded and refastened ; and thus, by aucceeaive movements, 
the prey is slowly and spirally drawn into the wide gullet 



CHAPTER IX. 

THE ALIUBNTABr CAHAL. 



The Allmentaiy Canal is the great route by whicli nu- 
tritive matter roaches the interior of the body. It is the 
most universal organ in the animal kingdom, and the rest 
arc secondary or subservient to it. In the liiglier animals, 
it couaietd of a month, pharynx, gullet, stomach, and in- 
testine. 

It is a general law, that food can be introduced into 
tlie living system only in a fluid state. Wiile plants send 
forth their roota to seek nourishment from without, ani- 
mals, which may be likened to plants turned outside in, 
have tlieir roots (called absorbents) directed inward along 
the walls of a central tube or cavity. TJiis cavity is for 
the reception and preparation of the food, so that animals 
may be said to carry their soil about with them. Tlie ne- 
cessity for such a cavity ai-ises not only from the fact that 
the food, whicli is usually solid, must be dissolved, ao aa to 
make its way through the delicate walla of tlie cavity into 
the aystem, but also from the occurrence of intervals be- 
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t\rcen the periods of eating, and tlie consequent need of 
a reservoir. For animals, unlike plants, are thrown upon 
their own wita to procure food. 

Tlie alimentary canal is a continuation of the skin, 
which is rejected inward, as we turn the finger of a 
glove. We find every grade of this refiection, from the 
mere depression in the side of the body of the Amoeba, to 
tlie sac of the Sea-anemoue and the long intestinal tube of 
the Ox. So that food in the stomach is still outside of the 
trne body. lu fact, there are certain Worins, living inside 
of otiier animals, which have neither moutli nor stomach, 
but imbibe nourishment tlirough their skin." Sudi a 
method of taking food is a link between tlie plant's out- 
side mode of nutrition and the internal mode of the ani- 
mal : fundamentally, there is no difference. 

The feeblest sign of a digestive cavity is that extempo- 
rized by the jeliy-liko Amceba. Wherever a minute sea- 
weed or animalcule happens to come in contact with its 
Ixidy, the spot re- 
tracts, forming a de- 
pression, which sinks 
deeper and deeper, 
till tlie edges meet, 
and the prey is in- 
gulfed. After the 
soluble parts are 
dissolved, the indi- 
gestible residue is 
bronght to the snr- 
face by a reverse 

Fie. B«,-Dluncted Actinia: a, th« thick opaque tkin prOCCSS. 
conaleUne of eclodetm ami endoderni, lined wllh A Etpnliitrhnr (Imn 

mnMuLr auree; c, tbe mbol-r leglndea c.-mmaol- ABlCp Dlgncr lUan 

biiJnf<jtr.^«ucM°r*i"r"'^-^x™ri.\'^^^^ *^^^ '^ ^^" *" ^°^^' 

allnvlDg pauage of refplrHIorj walfr from one soria and tllC Hydra, 
ci>mpirIni«Dt lo auoUier; d, monlli leadliig to gna- in. > 

tile caviij, (. where a dennite oral 
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orifice, or mouth, leads to a permanent bodj-cavity, aud 
serves both for the iolet of food and tlie outlet of mat- 
ters not -w&Dted. These animals may be likened to a tube 
or bag with one opening. Tlicre is no great difference be- 
tween the membrane which lines this "stomach" and that 
which clothes the body; for the Hydra has been titnied 
inside out, and digested as well. The Polyps have also 
but one e;Lternal opening; but from this liangs down a 
short tnbe, open at both ends, reaching about half-way 
to the bottom of tho body-cavity. Such an arrangement 
would be represented by a bottle with its nock tinned 
inward. In this suspended sac, which is somewhat con- 
stricted at the extitimities, digestion takes place ; but the 
product passes freely into all the surrounding chambers, 
along with the water for I'espiration. The Medusie, or 
Jellj-fishes, preserve the same type of a digestive appa- 
ratus; but the sac is cut off from the general cavity, and 
numerons canals radiate from it to a circular canal near 
the margin of ttie disk. In the Star-fishes, the sac sends 
off two brandies, or canals, to each ray. But these radi- 
ating canals serve a double purpose, for they not only carry 
nutritive matter, but bring back the excretions. 

Tims far we have seen but one opening to the digestive 
cavity, rejected portions returning by the same road by 
which they enter. But a true alimentary canal should 
have au anal aperture distinct from the oral. Tlie sim- 
plest form of sncb a canal is exhibited by the Sponge, in 
its system of absorbent pores for the entrance of liquid, 
and of several main chaimels for its discharge. The ap- 
paratus, however, is not marked off from the general cav- 
ity of the body, and, as in tlie preceding cases, digestion is 
not distinct from circulation." * 

Tlie Sea-nrchin presents us with an important advance 
— one cavity with two orifices; and the complicated ap- 
paratus of higher animals is but the development of thia 
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type. Tbis first rndi- 
inent of an alimentary 
canal begins in a month 
well provided with teeth 
and miiBcleB, and ex- 
tends Bpirall; to its 
outlet, which generally 
opens on the upper, or 
opposite, snrf ace. More- 
over, while in many of 
^','U';"'^'^""".^"' ^JiTnh.™.^V"11I^ the Worms the caual is 

achi it, ialeMlne; /, nudreporiform Inlwrcte; a Simple tllbe ninnin? 
S. uD'tl-caiiil^ A. .mbnUtna rlngi *, Poll.n r . * 

ToEclo, which are probubtT K«rvoIri or do- through tllO aSI8 01 tlie 

cm, i.lthlbeirconlr«t:llleve«cle«r f, nervon. CVlmdriCal DOdy XTOm 

tb« right termlnallng. «t B1..1 pole, in B ■mall Oral OllUCe tO anal ap- 

K.iik1Iod: (.bl«>d-T.«ol.rrlnits connected bj grtlire, the Canal of the 
IT, Iheoinlmctile heart; in.two nrterfal trunks ' 

radlslini; from the «niilriDg;«,«tiov»r)- open- Sca-Urchin shoWS 8 dlS- 

Ing at the ■□■! pole In a genital plate, y; *■ . ,. , , - 

aplnea, with Iheir iDberclei. tlDCtlOQ Of partS, lOre- 

ehadowing the pharynx, gnllet, stomach, and inteEtinee of 
Man himself. Both moiitli and vent have muscles for 
constriction and exi)ansion ; and, as the vent is on the 
summit of the shell, and the latter is covered with spines, 
the ejected particles are seized by delicate forks (j>eduxl- 
larim), and passed on from one to the other down the side 
of the body, till they are dropped off into the water," 

The nest higher modification we find in the Articulate 
subkingdom. In the "Worms, the digestive tract is either 
a straight, unvarying tube, or divided up into pouches 
(sacculated), as in the Leecli, with clusters of little glands, 
called follicles, along the side, which are the nidiiuents of 
a liver. In Myriapods and Larvae, tlio same general plan 
is continued, the caflal passing in a straight line from one 
extremity to the other, but showing a division into gullet, 
stomach, and intestine." Crustaceans, like the Lobster, 
have a short gullet leading to a large cavity, sitnsted in 
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the head of tlie 
animal, which is 
a gizzard, i-ather 
than stomach, as 
it has thick mus- 
cular walls arm- 
ed with teeth. A 
well-marked coii- 
strictiou separates 
tills ot^ii from 
the intestine. The 
liver is highly de- 
veloped ; instead 
of numerous fol- 
licles, there is a 
large symmetrical 
organ, divided in- 
to two lobes, pour- 
ing its secretion 
into the upper 
part of the intes- 
tine, which is tlie 
true stomach. 

Among Insects, 
there is great va- 
riation in the form 
and length of the °l 
canal. The fol- ^ 
lowing parts can " 
generally be dis- •• 
tingnislied : gullet, crop, gizzard, stomach, and large and 
small intestines, with many glandular appendages. The 
crop, giszard, and large intestine are sometimes absent, 
especially in tlie carnivorous species. In Bees, the crop 
is called the " lioney-bag." The gizzard is found in In* 
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Bccts having mfltidibles, and is frequently lined with rows 
of homy teeth, which are Epecially developed in Grasa- 



Fia.N.— Allmenurj'CiinilorsBeetle: Fio. 40.— AUmenUrr Cnul of ihe Bf« 

a,pbBtyiix: ^ |!i]llet,leadligtocrop, (Apit nulUfita) : a,eDlleti b,cnip: c, d, 

c, glnilrd, d, KDd Itomach, e,' /, dell- ■camkcli; i, tmtM loleatlnei /, large lu- 

cale blllsiy tabea; p, iDlesUne; A, teiltue: g, inal orlflce; A, tailUir t»- 

Olher HcreUDg Drgnna. wle; i, nailliarj Elmda. 

hoppere, Ci'ickcte, and LociiBts. Tlie intestines are re- 
markable for their convohitiouB. Insects have no true 
liver; bat its functions ai-e performed by little tubes 
(cceca) around tho stomach." 

The alimentar)- canal of Spiders is short and straight, 
tho pharynx and gullet being very minute. Tlie stomach 
is cliaracterizcd by sending out tubular prolongations, and 
the intestine ends in a large bindder-like expansion. Scor- 



nprodDCtlve OTf-SDi I o*, oviduct ; S-W, tegmeiile. 
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pions have no Btomaclial cavity — astraiglit intcstiue passes 
direct]; throngh tlie body. 

In bivalve Hollnsks, like the Clam, the mouth (which 
is a mere aperture) opens at once into the stomach, which 
lies imbedded in a large liver, and the intestine, describ- 
ing a few turns, passes diitjctty through the heart." In 
the nnivalve Mollnsks, like tlie Snail, the gullet is long, 
and frequently expands into a crop ; tlie stomach is often 
double, the anterior being a gizzard provided with teeth 
for mastication ; the intestine passes throngh the liver, and 
ends in the fore part of the body, usually on the right side. 

The highest Mollusks, as the Cuttle-fish and Nautilus, 
exhibit a marked advance. A mouth witli powerful 
mandibles leads to a long gullet, which ends in a strong 
muscular gizzard resembling that of a fowl." Below 
this is a cavity, which is eitlier a stomach or duodenum ; 
it receives the bile from a large liver. The intestine 
is a tube of uniform size, wliicli, after one or two slight 
curves, bends up, 
and opens into the 
"funneP'nearthe' 
month. 

Fishes have a 
simple, short, and 
wide alimentary ; 
canal. The stom- 
ach is sejKirated ' 
from the intestine 
by a narrow " py- 
loric" orifice, or 
valve, hnt is not 
BO clearly dietin- 

eniehed fl-Om the ''"■ «■— Allmenwiy Ciml nf tnB OTttsr: a, itmnach 

^ l«ldop«ni *, ll»er; ^ c, d, /, cnuToliiiloDa oT Uie Inles- 

gullet, SO that tin*! s. Kml apennrei «, o, nnHcIa RDd Tenlrkle : i, m, 

., .. . addDCtiir n»iKl«;.>,fc, lobnormaDlb dlrlded lo iboir 

regurgitation is IIm veaons uubIii Dt the biH at the sllla. 
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7ia. 43.— AnaloBi)' of a Ouleropnd (Aufl) : a, nonlh ; b, toot ; e, bdos i it, Idde ; e, 

ttoiDKCh, covered sboTs bj the MllTory glanda: /. lulaatlnei g, Uveri It, bean: 
i, aatta; J, Rulric orlery: l,bepalle arlery; k, ■rlcry of Ibe tout; n, abdominal 
cavity, etipp)ylng tbe place uta venoaa alnne; n, tiregnlar canal commnn lea tine 
wtlh tbe abdonilual cavltj, and carrxlag tbe blood to the lung ; o, ventl carr;- 
Ing blood from the Inug to tbe heart. 

easy." Indeed, it is conimon for Fislies to disgorge tlie 
indigestible parts of tlicir food, and some, as the Caq), 



.— Anatonir of a Lamelllbraticb (Maetra) : a. ibell ; b, maulle : t, tenWdes, 
It d, montb; >, nervea; /, mascleai g, anterior and. ti, poilarlor K*Dcl>on! 
!ri (.bearli t,Bloiiiachi I,iQleitlDe lunBlng Ihronuh the heart; m, kidney 
il end of the tnteetlne; p., axbaleot aod, g, iabnleut mpirsturjf tubes, oi 
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6end the food back to the pharynx to be masticated. Tlie 
etomaiJi is usually bent, like a Btpliou ; but the intestine 
is nearly stmight, and without any inai-kcd distinction 
into small and large. Its appendages &ve a large liver 
and a nidimentaiy pancreas. 

In the amphibious Reptiles, as the Frogs, the digestive 
apparatus is very similar to that of Fishes ; but the two 
kinds of intestines can be more 
readily distinguished. The higli- 
er Reptiles generally have a 
long wide gullet, which passes 
inseiisibly into llie stomach, and 
a shoil; intestine (about twice the 
length of the body) very dis- 
tinctly divided into small and 
large by a constriction." The 
vegetable-feeding Tortoises have 
a comparatively long intestinal 
tube ; and the Serpents have a 
slender stomach, but little wider 
than tlie rest of the alimcntaiT ^'«- «■- Amnunu or n cephaiopod 

*^ (dlagum): a, icnladcs: t, iiimU- 

Canal. uldr; nppUDliu 1 c, ejt ; d, nlt- 

rwn 1 r .1 /-I 1<T TarnrllDd; 0. D^TTOIli CDllBlill ! /, 

llie StOmaCIl of the UrOCOdlle oiophiiKUc g, IdMihiI ihell, or 

i. more complex thm. anj hith- Sl?""™';'™^? t 
erto mentioned. It resomblee }uit-iwg! ".""Ti ".pvidnci,- J^ 

llTer: r,gm eunlolnedm iMbmn- 
that of the Cuttle-fish, but offers chlnl chamber ; «, brauchlal hwirti 

,,,, ... , , I, pjstemic beatt: V, muitle. 

a still more etnknig analogy to 

the gizzard of a Bird, having very thick Walls, and the 

muscular fibres radiating precisely in the same manner. 

So that, in tliis respect, the Crocodile may be considered 

as the connecting link between Reptiles and Birds.'* It is 

iu Crocodiles also that the duodenum, a small pouch, with 

which the intestine begins, is first distinctly defined. Into 

this pouch, the liver and pancreas, or sweet-bread, jwur 

their secretions. Furthermore, in the lower animals, tlie 

6 
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intestines lie moi-e or less loose in tlie abdomen ; but in 
the Crocodile, and likewise Birds and Mammals, tlicj are 
supported by n membrane called ineaentery. 
In Birds, tlie length of the ftliiiieiitary canal varies with 



Fia.4* — Anntomj ofilic Csrp: fcr, limncliiiE, orElll-openiii~i! r,henrl;/,llier: in, 
fninimlus blnditcr: ci, Inlrsilnnl connli o. ovorluni! u, areUirii. Tbe ild>-ii«tr 
aban'B tho diti>oBllLuu of Ihe mueclo In T«rtlcnl flakes. 
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their diet, being greatest in those living on grain and fniit. 
Tlie giillet corresponds in length witli the neck, which is 
longest in tite long-legged tribes, and in width with the 
food. In those that swallow Iai;ge fish entiic, the gullet is 
dilatable, as in Snakes. In nearly all Birds, the food is 
delayed in some cavity before digestion : thus, the Pelican 
has a bag under the lower jaw, and the Cormorant has a 
capacious gullet, where they store up fishes; while these 
that gorge them- 
selves at inter- 
vals, as the Vult- 
ure, or feed on 
seeds and grains, 
as the Turkey, 
have a pouch, 
called the cro^, 
developed near 
the lower, end of. 
the gullet." The 
Ostrich, Goose, 
Swan, most of 
the "Waders, and 
the fruit or in- 
sect £ating Bii-ds, 

which find their „ „ . , ^ „ , . , 

F(o. 47. — Slnmnch fit the CrocodiTe! o, mnwiilnr abres 
food in tolerable mdlmlns frxm n central leudan. b; d, conimeDCcmenl 

, , , oTdnodeanm: c,iuiipbnaa>:/, Idtegllne. 

abnndance, and 

take it in small quantities, hare no eucb reservoir. Fig- 
eons have two crops. 

In all Birds, the food passes from the gullet into the 
proventriculus, or stomach proper, where it is mixed with 
ft "gastric juice" secreted from glands on the surface. 
Thence it goes into the gizzard, an oval sac of highly 
nuiscular texture, and lined with a tough homy skin." 
The gizzard is most highly developed, and of a deep-red 
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color, in the Scratvbers and flat-billed Swinnnei's (as Fowls 
and Swans) ; but comparatively thin and feeble in Birds 
of Prey (as the Eagle). The gizzaiii is followed by the 
intestines, which arc 
longer than tliosc of 
Keptiles: the small in- 
testine begins witli a 
loop (the duodenum), 
and is folded several 
times upon itself; the 
lai^e intestine is short 
and straight, termi- 
nating in the sole ont- 
let of the body, the 
cloaca. A liver and 
pancreas are always 
attached to the upper 
part of the small in- 



The alimentary ca- 
nal in Mammals is 
clearly separated into 
four distinct cavities: 
the pbarynXjOr tliroat ; 
the oesophagus, or gul- 
let; the stomach; and 
tlie intestines. 

The pharynx is 

more complicated tlian 

Fio. 48.— DifiMtiTs ApiKiratni at tbe Foivi : 1, in Birds. It is a fun- 

lonrno; S. phArrux: 11. S, CBSonhiirns ; 4, crop: ,1 ] ■■ i 

e.prorentrtcnln,;T.El.«rf;8,».li.dn«dennm: Ucl-shaped bag, haV- 

fbo colon of msmnulBl; 1*, tbeir Imwrllou Inln ^"g oB^tJlt U]WUIllgt> 



ihaii.t«tiiiiiitob»j l^r«lllm; io,cioii«; ir, ]cadinL- into it: two 

antu; IS, muenlerji 18,«), Jcft sud rlgbt lobei ^ 

of llTer: SI, K»11-bladdiir ; M, la»nloii of pan- from the nOStHls, and 

crutlc lad bllUrj duct! 1 IS, pauGreiB : S4, lnog 1 , , 

as, ovuj : M, oTidDcL two irom the ears ; 
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oue from the windpipe, 
guarded hy the epiglot- 
tis; one from the month, 
with a flesiiy curtain call- 
ed the soft palate; and 
one from the (esophagus. 
It ie the natural passage 
for food between the 
month and the cesopha- 
gns, and of air l>etwecn 
the nosti-ils and wind- 
pipe. Like tho mouth, 
it is lined with a soft 
mucous membrane. 

The oesophagus is a 
long and narrow tube, 
formed of two muscu- 
lar lajfirs : in the out- 
side one, the fibres run 
lengthwise; in tlio oth- 
er, they are circular. 
It is also covered more 
or less with a sheath of 
striated fibres, and lined 
with mucous membrane. 
'W^hileinallFisliea.Iiep- 
tiles, and Birds the ven- 
tral chamber is one, in 
Mammals it is divided, 
by a partition called 
the diaphragm, into two 

Fio. «.— DlgeitlTeAppiTnlniofKsn; 1, tongao; % phnryni! B,(esophognB; 4,>o(t 
pilate; 0, larjnit S, pilatei T, epiglottis; 8, Ibjruli] cintlaKS: 0, bej^nlog or 
vploAl raAjrow; 10, 11,11, Tertebnc.vLihAp1PDna procewes; 18,canl1flc orlflceof 
■tamieh: 14, left end of Flomach; IS, pyloric taItc i 1«, M, SI, dnodeniini; St, 
B«ll-hliiild«ri IT, duct fhim pnncreBi: M. SB, JeJanHm of iDlutlne; BO, lleanii 
U, cocam ; SC, ST, B$, colon, or liir^ lDl»line : 40, ivclam. 
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cavities — the thorax, containing tlie heart, lungs, etc.; and 
ihe abdomen, containing the stomach, intestines, etc. The 



Fid. so, — Ideal Section vt a Hammaliiin Vertebrnte; A, peclunil. or fore limb: 11, 
p«1vlc or bind limb: a, moutli; A, mrehrnm: c, cerebellum ; d, amei ■, vie; y, 
cat! g, aaoiibagai : A,Btoniacb; <,luleelliie: J,d[a]ibraeni, or midriff; t,reclaiii, 
■ "' " *' "" "' " * " ' o.'kidneyi p, ■ympa- 





lllteatll 


eitanua [in, liver; n 








; r, lertebml 


column 


u, bearti i^, luDg: </ 



(esophagns passes thi-ongh a slit in tiie diaphragm, and al- 
most iinniedialelj expands into tlie stomach. 

In the majority of Mammals, tlie stomach is a mnscnlar 
bag of an irregular oval sha[>e, I,ving obliquely across the 
abdomen. In ttie Flesh-eatere, whose food is easy of solu- 
tion, the stomacii is nsnally simple, and lies nearly in the 
course of the alimentary ca- 
nal ; but in proportion as 
the food departs more wide- 
ly in its composition from 
the body itself, and \s there- 
fore more difficult to digest, 
we find tlie stomacii inoreas- 
ing in size and complexity, 
and turned aside from the 
general course of the canal, 

p,«.»i-secii„„„fH..„e..s,on,acb:^. ^0 as to retain the food a 

lefitac! B, right BBC ; c, duodenum, longer time." The inlet, or 

opening, into tlie oesoplingns is called cardiac; the ontlet, 
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or opening, leading into tlio intestines 
is called 2>yloric. In the Carnivores, 
Apes, and most odd-toed quadrupeds, 
tlie stotnacli i-escnibles that of Man. 
That of the toothless Ant-eater has | 
the lower part turned into a kind of 
gizzard for crushing its food. TheFia.i».-sfaiiniictiorihePor- 
Elephant's is subdivided hj- mnnerons "' ''" ''•i'<v^° '■ 
folds. Ip the Horse, it ia constricted in the middio; and 
in the Kodeuts, Porpoises, and Kangaroos, tlie constriction 
is cairied so far as to make two or ttii-ee sections. Bnt 
animals that clicw the end (Ruminants) have the most 
complex stomach. It 
is divided into four 
l)eciiliar clianibers : 
Fii-st, the paunch 
{rumen), the largest 
of all, receives the 
half -masticated food 
when fii-st swallowed. 
. Tlie inner surface is 
covci'ed with papillce, 
except in the Camel, which has large cells for storing up 
water. From this, tho food passes into the honey-comb 
stomach (reticulum), so named from its strncture. Liq- 
uids swallowed nsually go directly to this cavitj-, without 
passing through the pannch, and hence it is sometimes 




Cocn^ Ic 
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called the water-bag. Here the food ie made into little 
balls, and returned to the mouth to undergo a thorough 
mastication, Wlieu finally swallowed, it ie dii-ected, by 
a groove fi-oin the cesophf^ias, to the third, and smallest, 
cavity, the inanypliea (paaitej-ium), named from its nn- 
merouB folds, which form a strainer to keep back any 
imdivided food ; and thcuce it passes into the trne stom- 
ach {abomasm}, from which, in the calf, the rennet is 
procured for curdling inilk in the manufacture of cheese. 
This fonrth cavity is like the 
hnman etomach in form and 
function, and is the only part 
which secretes gastric juice. 
Tlie rumen and reticulum are 
rather dilatations of Uie oesoph- 
agUB than parts of the stomach 
itself; while the latter is di- 
vided by constriction into two 
chambers, tbo psalterium and 
aboraasuB, as in many other 
animals. 

In structure, the stoinach re- 
sembles the ossophagns. The 
P.«. «.-V.r.lc, Secdc ot .he S'"'**!^ 0"*^''^« ''"''^ ^^'/'^f- 

co«u ot ihs 8inm«ch: i,>BfbcB neum) is a reflection of tlie 

ofmncomnieinbrane.and motilhit i- i t .u 

orKnitricri>uicie*i t,eii«trictDbii- membrane, wnicli lines tne 
ll'rrT^^^li'/rrr" whole abdomen. The middle, 
gUuXT™r^r"b«"; flu's;; or musculai-, coat consists of 
or>etoii»,coai. threc layers of fibi-cs, running 

lengthwise around and obliquely. The successive con- 
traction and relaxing of these fibres produce the worm- 
like motion of the stomach, caWed peristaltic. The inner- 
most, or mncous, membrane, is soft, velvety, of a reddish- 
gray color in Man, and filled with multitudes of glands, 
which secrete the gastric juice. The human stomach, 
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when distended, will hold about five pints; tliat of tlie 
Kangaroo is as long as its body, 

Tlie intestinal canal in Mammals begins at tlie pyloric 
end of the stomach, where there is a kind of valve or 
circular miiBcle. Like tlie stomach, it varies greatly, ac- 
cording to the nature of the food. It is generally longest 
in tlie Vegetable- feeders, and shortest in the Flesh-feeders. 
The greater length in the former is due to the fact tliat 
vegetable food requires a longer 
time for digestion, and that a 
greater bulk of 6uch food is re- 
quired to obtain a given quantity 
of nutriment. The intestines meas- 
ure 150 feet in a full-gi-own Ox, 
while they are but three times the 
length of tlie body in the Lion, 
and six times in Man. Save in 
some lower forms, as the Whales, 
there are two main divisions, the 
"sniall" and "largo" intestines, at 
the junction of which is a valve. 
The foi-raer is the longer of the 
two, and in it digestion is com- ^ 

plcted, and from it absorption 

takes place. The lai-ffe intestine is Fio.M.-3«unn<ir iheWniiof 
, , . , , , the Hnmnu IntcaUDe {Itnm.}, 

a temporary lodgmg-pkce for the xto-. a,vitih »nad([,EiK[idsi 
useless jwrt of the food, until it is cireoiKCnKi'iT°.T"oiiEr- 
expelled from the body. Tiie be- """'"' n"»^»- 
ginning of the small intestine is called the duodenum, 
into which the duets from the liver and pancreas open. 
The intestinal canal has the same structure as the stom- 
ach, and by a penstaltic motion its contents are propelled 
downward. The inside surface of the small intestine is 
covered with a host of thread-like processes {villi), resem- 
bling the pile of velvet. 
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In taking this general eiirvey of tbe succession of fonna 
which the digestive apparatus pi-esents among the princi- 
pal groups of animals, wo can not fail to trace a gi-adual 
specialization. First, a simple excavation in the body, 
one orifice serving as inlet for food and outlet for indi- 
gestible matter ; next, a sac, or short tube, with walls of 
its o^vn suspended in the body-cavity ; then, a canal pass- 
ing tltrough the body, and, therefoi-e, having both month 
and vent ; next, an apparatus for mastication, and a swell- 
ing of the central part of the canal into a stomach, having 
the special eudoivinent of eecretiug gastric juice; then, a 
distinction between tlie small and large intestine, the for- 
mer thickly set with villi, and i-ecciving the secretions of 
large glands. We also notice that food, the means of 
obtaining it, the iustrnments for mastication, and the size 
and complexity of tiio alimentary canal, are closely re- 
lated. 



HOW AMIUALS DIQEST. 



The oltjdct of the digestive process is tlio i-eduction 
of food into such a state that it can be absorbed into the 
system. For this purpose, i£ solid, it is dissolved; for 
flnidity is a primary condition, but not tlie only one. 
Hany soluble substances have to undergo a chemical 
change before they can form parts of the li^■ing body. 
If albumen or sugar be injected into the veins, it will not 
be assimilated, but be cast out nnaltered. 

To produce tliese two essential changes, solution and 
transmutation, two agencies are used — one mechanical, 
the other chemical. Tlie former is not always needed, 
for many animals find tiieir food already dissolved, as the 



HOW ANIMAJ5 DIGEST. 91 

Buttei'fly ; but solid Bnbetances, to facilitate their soht- 
tioD, are ground or torn into pieces by teeth, as ia Kau ; 
by jaws, as in the Lobster; or by a gizzard, as in t)io 
Turkey. 

The chemical preparation of food is indispensable.** It 
ia accomplished by one or more solvent fluids secreted iu 
the alimentary canal. The most itiiportant, and one al- 
ways present, is the gastric juice, the secretion of which 
is restricted to the stomach, when that cavity cxlEts. In 
tlie higher animals, numerous glands pour additional flu- 
ids into the digestive tube, as saliva into the upper part 
or month, and bile and pancreatic juice into the upper 
part of the intestine. In fact, the mucous membrane, 
which lines the alimentary canal throughout, abounds with 
seci-eting pores. 

The BlgestlTe Process is substantially the same iu all 
animals, but it is carried further in the more highly de- 
veloped forms. Ill the Infusoiia, the food is acted upon 
by some secretion from the walla of the body-cavity, tlie 
e.tact nature of which is unknown. In the Star-fish and 
Sea-urchin, we find two solvents — a gastric juice, and 
another resembling bile ; but the two appear to mingle in 
the stomach. Molhtsks and Articulates show a clear dis- 
tinction between the stomach and intestine, and the con- 
tents of the liver are poured into the latter. There are, 
therefore, two stages in the digestive act; first, the food 
is dissolved by the gasti-ic jnice in the stomach, forming 
chyme; secondly, the chyme, ujwn entering the intestine, 
is changed into chyle by tlio action of the bile, and is then 
ready to he absorbed into the system. 

In Vertebrates, a third solvent is added, the pancreatic 
juice, which aids the bile in completing digestion. Cut 
Mammals have a still more perfect and elaborate proc- 
ess; for in tiiem the saliva of the mouth acts chemically 
upon the food ; while the saliva in all otiier animals has 
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no other office, eo &r as ^re know, than to moisten the 
food for swallowing. 

Takiug Man as an example, let na note the main facts 
iu the process. Daring mastication, by which the relative 
enr&ce is increased, the food is mixed nith Balira, which 
conrerts the Etareh into sngar.** Passed into the stomach, 
the now sweetish, pulpj mass is subjected to the action of 
the gastric juice, a pecniiar acid, which has no effect on 
starch or oil, but readily dissolves tlie albomen, fibrine, 
gelatine, and like coDstitaents of the food." While this 
solation is going on, the muscular walls of the stomach 
successively contract and relax, rolling the food abont, 
and mixing it thoronghly with the gastric jnJce, and, at 
the same time, moving the whole mass toward the pyloric 
orifice." Some of the chyme 
thns produced is at once ab- 
sorbed into the blood-vessels of 
Itlie stomach ; but the greater 
part is pressed forward through 
the pylorus into the duodenum. 
As soon as the chyme eutcre 
this cavity, it separates into a 
white, ci-eatny substance, called 
Fia, Bi.-chjio Co^pll^cle^ X 600. c^yh, aud a rcsidiiary mass, 
which is gradually converted into fieces, and expelled 
from the system." Exactly how this change from chymo 
to chyle is produced is not known ; but it is tlie most im- 
portant pai't of the digestive process, 

Cliyine differs from food in having staixihy particles 
changed iuto sugar, and niucli of the nlbnmiuoiig por- 
tion chemically altered by the gastric juice; but the con- 
version of tho starch is not complete, and cei-tain albn- 
minons partsy and all of the oily particles, remain «n- 
touched. In the duodenum, tho whole mass is acted upon 
by secretions from tlie li\er and pancreas. While tlie 
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gastric secretion 'was acid, tliese are alkaline; and their 
office BeoiQB to be — tlie subdivisioD of tlie fatt; matter 
into roiDDto particles (emulsion), till the; arc diffased 
tbrongh tbe liquid, like atoms of butter in milk, thus fit- 
ting it to be absorbed into the blood ; and the completion 
of the work bE^un b; the saliva and gastric juice. la this 
tbe; are assisted by tiie "intestinal juice" secreted by the 
mncooB lining of tlio small intestine, the action of which 
is merely supplementary. Tbe chyle is slowly driven 
through the small intestine by the creeping, peristaltic 
motion of its walls, the nntritious portion being taken up 
by the absorbents, as described in the next chapter, while 
the undigested part retnaiuing is discharged from the large 
intestine. 



CHAPTER XL 

TBE ABSORBENT BYSTEU. 



Toe nntritive matter (chyle), prepared by the digestive 
process, is still outside of the organism. How shall it 
enter the living tissue! 

In animals, like the Infusoria and Polyps, whose digest- 
ive department is not sepai-atcd from the body-cavity, the 
food, as soon as dissolved, mingles fi-eely with the tissues 
and organs it has to nourish. lo the higher Invertebrates 
having an alimentary canal, the chyle passes, by simple 
tntnsndation, through the walls of the canal directly into 
tlie soft tissues, as in Insects, or is absorbed from the canal 
by veins in contact with it, as in Sea-urchins, Mollnsks, 
Worms, and Crustaceans, and then distributed through the 
body. 

In Vertebrates only do we find a special absorbent sys- 
tem. Three sets of vessels are concerned in tlie general 
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process by wliicli fresh material is taken itp aud added to 
tlie blood : Veins, Laoteals, and Lymphatics. Only tbe 
two former draw mateiial from the alimentary canal. 

It is a general law tliat tlie food is absorbed as fast as 
it is dissolved, and, therefore, there is a constant loss in 
tho passage down the canal. In the moiitli and cesopha- 
gns, the absorption is slight ; bnt much of that whicli has 
yielded to tlie gastric juice, witli most of the watei-, is 
greedily absorbed by the veins of the stoniauh, and made 
to join the current of blood whicli is nisliiug to the liver. 
Absorption by the veins also takes place from the skin 
and hings. Medicinal or poisonous gases and liquids ate 
readily introduced into the system by these channels. 

We Iiave seen that the oily part of the food passes un- 
changed from the stomach into tlic small intestine, n-hci-e, 
acted Hpon by tho pancreatic juice, it is cut up into ex- 
tremely minute particles. These, and tho remaining nu- 
tritive substances not taken 
up by tho blood-vessels, enter 
tho system in a roundabout 
way. A multitude of mi- 
croscopic tnbes form a net- 
work in the walls of the in- 
testine, and even run into 
the little velvety mlU with 
which the intestine is lined." 
I The villi, projecting into the 
."^.•;,."K.",S::: digested food, like i-ootleu 
; into the soil, absorb the 
'., which is immediately 
passed into the net-work of tubes, called lacteals, from 
the milky character of the chyle which they convey, in 
Mammals. These lacteals nuite into larger trunks, which 
lie in the mesentery (or membrane which EnB]iendg tlie in- 
testioe to the back wall of the abdomen), and these pour 
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tlieir contents into one large vessel, the thoracic dud, ]y- 
iiig along the backbone, aud joining the great jngnlar vein 
in the iteck. 

While the lacteals spring from the intestine only, the 
lymphatics come from all parts of tlie body," more es- 
pecially the skin. The two 
are closely allied in sti'nct- 
ni-c and office, and both 
empty into Uie thoracic 
duct ; BO that they may 
be regai-ded as two sets of 
roots issning fi-om one com- 
mon tnnik. They differ in 
tlie nature of the fluid they 
contain, tlie lymphatics car- 
rying tmnsparent bjviph, 
abounding ■vrith minnte 
colorless disks, or cells; 
while chyle lias, in addi- 
tion, a crowd of oil-glob- 
nles, M'hich render it white 
and opaque." Botli coag- 
ulate upon exposure to the 
air. The chief function of 
the lymphatics seems to be 
to gather up mattere which 

have served a purpose in 

uie sysrem, due wmcn ma) ^^^ ^^^, ^ ^^^^ ^, ^^^ j^^,^^ ^^,^ 

again he nsed in the blood, ""bcLvian nlix ! ^ lHomcle dacl : r, te- 
" ' tepUicnlnm cbjli. Tbs otnl bodies nre 

and to return to the ciicu- uiaada. 

latioD tliat superfluous part of tho blood poured ont upon 

the tissues, over and above what was needed. 

Like the roots of Plants, the absorbent vessels do not 
commence with open mouths; but the fluid which cntere 
them must traverse the membrane wliich covers Uieir 
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minute extremities. The pores of this membrane (u-Itidi, 
tliougli iiiviaible, are deiitonstrable) are &o many eIioh cap- 
illar; tubes; so tliat tbe passage 
of the chyle is a physical neces- 
sity, and is not dependent on a 
vital or Bouie other mysterions 
principle. But as capillar)' at- 
traction can not proda<% motion 
beyond the capillary tubes, auotlier force is called into 
l>lay, namely, c^^usic};]. The chyle, having passed through 
the membrane, meets a fluid (lymph), ^vith wirich it is mis- 
cible, and diffuses itself into that fluid, leaving room for a 
f I'csh supply to enter the niembraue." In this way a slow 
but sti'ong cnrront is kept up, which is probably aided by 
a rhythmical contraction of successive portions of the lac- 
tcals tliomsclvcs. In Fishes and Keptiles, the absorbents 
nro provided with pulsating sacs, called lympliatic hearts. 
In Dirds and Mammals, they are furnished witli valves, 
which prevent the bnckwaid flow of the contente. 



CHAPTER XII. 

THE BLOOD OF ANIMALS. 



The Blood is that peculiar fluid derived fi'om digested 
food which carries to the living tissues the materials nec- 
essary to tlieir growth and repair. The great bulk of the 
body is occupied with apparatus for tlie preparation and 
circulation of this vital fluid. 

Tlie blood of the lower animals (Invertebrates) differs 
BO widely from that of Man and other Vertebrates, that 
the former were long supposed to be without blood. In 
tliem tlie blood is commonly colorless; but it has a bluish 
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cast in Crngtaceans ; reddisli, yellowish, or greenish, in 
Worms ; and reddish, greenish, or brownish, in Jelly- 
fishes. The red liquid which appears when the head of 
a Fly 18 crushed is not blood, but cotnes from the eyes. 
In Fishes, Beptiles, Birds, and Mammals, the blood is red, 
excepting tlie white-blooded fish, Amphioxus." 

As a rule, the more simple the fabric of the body, the 
more simple the nntritive fluid. lo Sponges and Infu- 
soria, it is sea-water carrying organic particles ; in the low 
Polyps and Jelly-fishes, it is merely chyme; in all other 
Invertebrates, having a complete alimentary canal, it is 
chyle; in the backboned animals, it is a highly complex 
and distinct fluid. 

In all animals, however, from Sponge to Man, the 
blood, apparently a clear, homogeneous fluid, really con- 
sists of minute ginins, or globules, of organic matter float- 
ing in water. If the blood of a Frog bo poured on a filter 
of blotting - paper, a 
transparent fluid (call- 
ed ptaama) will pass 
Uirongb, leaving red 
particles, resembling 
sand, on the upper sur- 
face. Under the mi- 
croscope, these parti- 
cles prove to be cells, 
or flattened disks (call- 
ed corpuadea) contain- 
ing a nucleus ; some 

• 1 ji .1 Fio. (II.— Ked Bluod-corpnfclei of M»n: a, ifanVB 

are colorless, and Otll- drtQlir cnulDnr; b, > blconove ucilon; c, b 

ere red. The red disks ii"''p "» ^'"'^»- 
have a tendency to run together ; tlie colorless ones re- 
main single. Meanwhile, the plasma separates into two 
parts by co^;nlating; that is, minute fibres form, consists 
ing of Jibrinc, leaving a pale yellowisli flnid, called «»• 
7 
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rum." n&d the blood not been filtered, the corpiisclcs 
and fibrine would have miugled, forming a jellj-like mass, 
known as clot. Further, the Beruui will coagulate if heat- 
ed, dividing into hardened albumen and a watery fiuid, 
called serotity, which contains the solahle salts of the 
blood. 
These several parts may be expressed thus : 

f fibrin e-^f 

If now we examine the nutritive fluid of tlie simplest 
animals, we will find 
only a watery fluid con 
taining granules. In 
iladiatee aud the low- 
est Articulates aud Mol- 
Insks, there is a similar 
fluid, with the addition 
of a few white corpus- 
cles. But there ia no 
fibnne, and, therefore, it 
does not coagulate. In 
Fio.n.-NacieatcdBiood.eeiiioriFrog,xno. the higher Articulates 
and MoUusks, the circulating fiiiid i-esembles the chyle as 
we find it in the thoracic duct of Vertebrates, containing 
colorless nucleated cells, and coagulating," In Verte- 
brates, there are, in addition to the 
plasma and white corjmscles of In- 
vertebrates, red corpuscles, to which 
their blood owes its peculiar hue. In 
Fishes, Reptiles, and Birds, i. e.y all 
the backboned animals born from 

eggs, these red corpuscles are nncle- f,„. «,_"Kiiipii«i 

ated ; but in those of Mammals, no •^ '•■• ^"«. rtiwine 

, , , ,. 1 u wblle promiDBDca at tL* 

nucleus has l)een discovered. muu*. 
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All blood -corposcles are microscopic The white are 
more nniform in size than the i-ed ; and generally Binaller 
(except in Mammals), being abont szins of an inch in di- 
ameter. The red corpuscles are largest in Beptilee (those 
of the amphibious Proteus being the extreme, or ^^ir of 
an inch), next in Fishes, then Birds and Mammals. The 
smallest known are those of the Musk-deer. In Mammals, 
the Eize agrees with the size of the animal only within a 
natm%l order; bat in Birds the correspondence holds good 
tlironghoQt the class, the largest being fonnd in the Os- 
trich, and the smallest in the Humming-bird. In Man, 
they measure ^n^^ of an inch, so that it would take 
40,000 to cover the Iiead of a pin. 

As to shape, the colorless corpuscles are oi'dinarily glob- 
ular, or sac-like, in all animals; but they are constantly 
changing. The form of the red disks is more permanent, 
altbongh they are soft and elastic, so that they squeeze 
through very narrow passages. They are oval, circular, 



Fm. M.— Gompmlln SIh nod Shape ot the nd CorpuaclM ot niiau Anlault. 
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or angnlar, in Fishes ; oval in Septiles, Birds, and the 
Camel tribe ; and circnlar in the rest of Mammals. They 
are double -convex when oval, and double-concare when 
circular. /^' 

Blood is always lieavier than water; bnt is thinner in 
cold-blooded than in warm-blooded animals, in herbivores 
than in carnivores. The blood of birds, which is the hot- 
test known, being 10° higher than Man\ is richest in red 
corpnecles. In Han, they constitnte about one-half the 
mass of blood. The white globules are far less numerous 
than the red ; they are more abundant in vcnotis than ar- 
terial blood, in the sickly and ill-fed than in the healthy 
and vigorous, in the lower Vertebrates than in Birds and 
Mammals. 

There is less blood in cold-blooded than in warm-blood- 
ed animals ; and the lai^er the animal, the greater is the 



Fm.W.— CiplllarjCtrcDlittloniii the Web of n Frog'i Font, X U 
d, cnplllarles In whlcJi lb< oral cnr-|iiiKla are mea to follai 
Iflenilea: e, plemcnl-cellB In Ibu iklii. 
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proportion of blood to the body. M&n^ba; fitwiit a ^llon 
and a half, oqnal to one-tenth of his ir^^ The h^^'of 
the Greenland Whale is a yard in-dfaineter.: :•-.•.■_.;. . _•, 

The main Office of the Blocxl''is't6-fitippi'y iiotlrlB^-''' 
ment to, and take away waste matters from, all parts of 
the body. It is at once purveyor and scavenger. In its 
circulation, it passes, while in the arterial half of the cap- 
ilhtries, within an infinitesimal distance of the various tis- 
Bnes. Tlie plasma, carrying the nutritive matter needed, 
exudes through tlte walls of the capillary tubes ; the tiesiic 
assimilates or makes like to itself whatever is suitable for 
its growth and repair ; and the lymphatics (the escape- 
pipes) take up any em-plus, and return it to the blood. 
At the same time, the venons part of the capillary net- 
work absorbs the waste products of the tissnes, expelling 
the gases by the Ittngs, and the solid matters by the skin 
and kidneys. Tlie special function of tlie several constit- 
uents of the blood is not cleai-ly known. The colorless 
corpuscles in Vertebrates are snpposed to be the source of 
the red disks. The latter are probably the carriers of 
gases, absorbing oxygen in the lungs, which they give to 
the tisBues, and receive carbonic acid in exchange. 

Like the solid tissnes, the blood, which is in reality a 
liquid tissue, is subject to waste and renewal, to growth 
and decay. Its source is the prodnct of digestion, not 
only the lacteal chyle, which is the only fluid in the body 
that has never formed part of the blood, but also the 
chyme absorbed by the blood-vessels of the stomach. 
Chyle differs from blood chiefly in containing less albu- 
men and fibrine, and no i-ed disks. The transmntation is 
accomplislied by the small glands (mesenteric) attached to 
the lactcals, the lymph, and the lungs. In the low organ- 
isms, the nutritive fluid is prepared by contact with the 
tissues, withont passing throngh special organs. 
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CHAPTER XIIL 

THE CIBCCLATION OP THE BLOOD. 

The Blood 1b kept In oontinual motion in order to 
notmBh and pniify the body and itself. Por as life means 
vork, and work brings waste, tbere is cuDstant need of 
fresb material to make good tlie loss in everv part of the 
system, and of tlie removal of inattor wliivb is no longer 
fit for use. 

In the very lowest animals, where every part of the 
structure is equally capa- 
ble of absorbing the di- 
gested food and is in con- 
tact with it, there is no 
occasion for any circula- 
tion, although in them 
oven it is not allowed to 
stagnate. But in propor- 
tion 88 the power of ab- 
sorption is confined to cer- 
tain parts, the more need 
and the greater complexi- 
ty of an apparatns for con- 
veying the nutritioos fluid 
to the various tissues. 

In nearly all animals, 
the luitritivc fluid is con- 
veyed to tlie various parts 
of the body by a system 
of tubes, called bloodies- 

Fi*. «.— Venon* Vnlvee. Thej nnullj' oc- , mi i - • i> 

cor In piln, u reprcuDted. $616. illC lllgber fofms 
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have two sets — arteries and veins, in wliich the blood 
movcB in opposite directions, the former carrying blood 
fiom a central reservoir or heart, the latter taking it to 
the heart. The walls of these tabes are made of three 
coats, or layers, of tissne, the ar- 
teries being elastic, like rubber, 
and many of the veins being fur- 
nished with valves," In Verte- 
brates, the great artery coming 
out of the heart is called aorta, 
and the grand venous trunk, en- 
tering the heart on the opposite 
side, is called vena cava. Both 
sets divide and subdivide until 
their branches are finer than hairs ; 
and joining these finest arteries 
and finest veins are intermediate 
microscopic tubes, called capilla- 
ries (in Man about ^^trn of an inch 
in diameter).** In these only, so 
thin and delicate are their walls, 
docs the blood come in contact 

■ -. -i .. .1 . Fib. «. — Helnllnn of «rt«rj, o. 

With the tissues or the air. vein, b, md upiiuric*. c u 

In all animals having a special •«• i» «»» ""«i«» "f ' d^- 
OFgan for respiration (gills or lungs), there are two sets of 
capillaries, since there are two circulations — the systemic, 
from the heart around tlie system to the heart again, and 
the pulmonary, from tlie heart through the respiratory 
organ back to the heart Tliis double course may be il- 
lustrated by the fignre S. 

There is no true system of blood-vessels below tlie Star- 
fish. The canals of the Sponge are really on the outside 
of the animal In the Infusoria and Polype, the nntritive 
matter mixed with water rises and falls in the body-cavity. 
The simplest provision for the distribntioi) of the products 
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of digestioD is eIiowh by the Jclly-£ah, whose Btomacli 
Genda o£E radiating tubes. 

The first Approach to a Circmlatoiy System is made 
by the Star-fish and Sea-urchin. A vein runs along the 
whole length of the alimentaiy tnbe, to absorb the chyle, 
and forms a circle around each end of the tube. These 
circular vessels send oft branches to variouB parts of the 
body ; but as they are not connected by a net-work of cap- 
illaries, there can be no circuit (Fig, 37). 

The next higher type is exhibited by the Articulates. 
If we examine the back of any tliin-skiuned Caterpiliar, 
a long pulsating tnbe is seen running 
beneath the skin from one end of the 
body to the other. This dorsal vessel, 
or heart, as it is called, is open at both 
ends, and divided by valves into com- 
partments, permitting the blood to go 
forward, but not backward. Each com- 
partment communicates by a pair of 
slits, guarded by valves, with the body- 
cavity, so tliat flnids may enter, btit can 
not escape. " Circulation " is very sim- 
ple. We have seen that the chyle e& 
udes through the walls of the aliment- 
ary canal directly into the cavity of the 
abdomen, where it mingles with the 

blood already tliere. This mixed fluid 

Fio.(B.-p.rtofihei)or- jg drawn into the dorsal tube thronsrh 
sal VwMl, or nean, ol ^ 

■ c«kch»ferbi»ectedi tho Valvular oiienincs as it expands: 
a, ^ mnicntar w»ltii; , . ' ° , ,, , . , 

(f, Tsiirei between tbe and Upon its Contraction, all the side- 

defeudina one of tbe valvcs are closed, and the fluid is 

DfiheibdomeD. ^t the front Opening, it is again dif- 

fused among and between the tissnes of the body. The 
blood, therefore, does not descnbo a circle in definite 

i.,- ■.:i.'-Googlc 
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cliantiels so as to retam coiiBtautly to its point of de- 
partare. 

Certain Worms (as the Earth-worm) have a ventral 
tube, conveying tlie blood from head to tail, with iinmer- 
ous cross canals joining the ventral and dorsal tubes. In 
the Lobster and Crab, Spider and Scorpion, tlie dorsal 



Lobaler : n, heart ; b, nrter; ror the e;ei i t, Mierj for an- 
teuiiB: d, bepatic arterj; t, Bnperinr nMomluil trterj-.f, Bternal BTlar7i g,ra- 
BOiu ilDiuet tnusmllUtiK blood rram the bndj tu the braoctiliE, h, wheun It 
TCtnnia to the heut bf the brucblu-cardlec tbikIi, i. 

tnbe sends off a system of artei-ies (not fonnd in Insects) ; 
but the blood, as it leaves these tnbcs, escapes into the 
general cavity, as in other Articulates. The Lobster and 
Crab, however, show a great advance in the concentration 
of the propelling power into a short muscular sac — the 
fiist rudiment of a trne heart 

A third development of the circnlatory sj-stem is fur- 
nished by the Mollusks. Comparatively sluggish, they 
need a powerful force-pump in the form of a compact 
heart. In the Oyster and Snail, we find such an organ 
having two cavities — an anricle and a ventricle, one for 
receiving, and the other for distributing, the blood. The 
auricle injects the blood into the ventricle, which propels 
it by countless arteries to the various organs. Thence it 
passes, not immediately to the veins, as in higher animals, 
but into the spaces around tlie alimentary canal. A part 
of this is carried by vessels to the gills or lung, and then 
returned with the unpurified portion to the auricle. The 

Google 



106 COMPARATIVE ZOOLOGY. 

whole of the blood, therefore, does not make a complete 

oircnit. 

A still higher form is seen in tlie Cuttle-fish, the high- 
est of Invertebrates. Instead of 
a donble heart, we fiud a triple 
one, a renti-iule to throw tbe 
blood over the eystem, and two 
auricles to force it into tlie gilts. 
Hitherto, there has been a pro- 
pelling cavity on the "arterial" 
side only ; bnt now the veins 
which collect the blood from the 
system to send it back to tlie 
lieart by tlie way of the gills, 
arc furnished with two brandti- 
al hearts, which accelerate tlie 
circulation through those organs. 
Many of the arteries and veins 
ai-e joined by capillaries, bnt not 
all/ BO that in no invertebrate 
animal is the blood returned to 
the heart by a continuous closed 
system of blood-vessels. 

As a rule, in all animals hav- 
ing any circulation at all, tlie 
current always takes one direc- 
tion. This is generally necessi- 
tated by valves. But a curious 
exception is presented by tlie 

'ite'Fi^ir'TL'liin^'i.f.u^rnf" ^ Ascidians (a group of low Mol- 
«rieri«i bnibi .^ Tenirioie:' d, ineks), whose tubular heart is 
«i TBiii! 17, intcetina: h, not valvelcss, and the contractions 

ata: i, bnnchUI tmsbK: t, i, ■ i ■ . j 

domt mrtery. nr anna; t, kid- occur alternately at one end and 
«y.; «,dorMl.rterj. ^^^^^ jj,g ^j^jj^j,. ^ ^^^^^ ^^^ y^,j 

oscillates to and fro, and a given vessel is at one time a 
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vein and at another an artery. In this respect it resem- 
blcs the foetal heart of higher animab. 

Ill Vertebrates only is the circnlatiDg cnrrent Btnetly 
confined to the blood -vefisels; in no case does it escape 
into the general cavity of the body. In other respects, 
there is no great advance in the apparatus of tiie lowest 
Vertebrates over that of the highest Molluska. The heart 
of Fishes, as in the Oyster, is double, bat its position is re- 
versed. Instead of driving arterial blood over tlie body, 
it receives the retnming, or venous, blood, and sends it to 
the gills. Be-coUected from 
the gills by ininnte tubes, 
called capillaries, the blood 
is passed into a large arterj', 
or aorta, along the back, 
which distributes it by a 
complex system of capil- 
laries among the tissnes. 
These capillaries unite with 
the ends of the veins which 
pass the blood into the anri- 
cle of the heart." 

T Ti , ., n , Tio. II.— Dinerani of a (Incle Heart: il, 

In Reptiles generally (as »ricie;<,ni>irici<!; i^Teio* lading lu 
Frogs, Snakes, Lizards, and ""<ci.ia.wru.otB»iB«t«T. 
Tnrtles), the heart has three cavities — two auricles and 
one ventricle. Tlie venous blood from the body is re- 
ceived into the right auricle, and the purified blood from 
the lungs into the left. Both throw their contents into 
the ventricle, which pumpe tlie mixed blood in two direc- 
tions — partly to the lungs, and partly around the system, 
Cirenlation is, therefore, incomplete, since the whole cur- 
rent does not pass through the hmgs, and three kinds of 
blood ai-e found in the body — arterial, venous, and mixed. 

The ventricle of these Beptiles is partially divided by a 
partition. In tlie Crocodile, the division is complete, so 



108 COMPARATIVE ZOOLOGY. 

tliat there are really four cavities — two auricles, and two 
ventrielea. Bat botli ventri- 
clee Bend o£E aortas which 
cross one another, and at that 
point a Email apertni-e brings 
the two in communication. 
The vonoufl and arterial cur- 
rents are, therefore, mixed, 
but not within the heart, as 
in the other Reptiles, nor bo 
extensively. In the structure 

rra.«.-HeBrtoftheDiiB(«ig,»t)pic»i of the heart, aa well as giz- 

faaMhsmlHRdheBrl, the pan. being , r, ?; , , 

mora lepiniled lliiD In hlgbec anl- zarO, CrOCOdlles approach tilQ 

nulS! E, right Tenlriiler U leftTen- ij- i 

trldBiD.rlghmuriclBi F,pnlmon»r7 -IJirOS. 

nrt«fj , K. i,ft .Dricu i A, «,rt^ yj^g Highest Form of the 

Clrctilatlng SyBtem is possessed by tho warm- blooded 
Vertebrates, Birds, and Mammals. Kot a drop of blood 
can make the circuit of tho body without passing through 
the lungs, the circulation to and from tliose organs being 
as perfect as the distribution / a ir 

of arterial blood. Tlie heart 
consists of fonr cavities — a 
right auricle and ventricle, ' 

and a left anricle and ventri- '' j 

cle. In other words, it is a ^ 
hollow muscle divided inter- 
nally by a vertical partition " 
into two distinct chambers, 
each of which is again di- 

Tided by a valve into an an- "Si-Sr"*."™" 
ricle and a ventricle. The ^ inferior iodb a?*; c, irico.pia 

vilTB: d, right iinrlcle; (.pnlmoDi- 

WOrk of the rignt anricle and rjTBlm: /, BOperlor »«n« en™; g, 

.. t . ° ^, polmoosrjBrlorlM: *,«ort»!t,left 

ventricle is to receive the Kadcl« : 1, mllral TiWe , m, l«ft reu- 

blood from the veins, and 'ri"«^".~P'™' 

send it to the Innge ; while the other two receive the 
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blood from the lungs, and propel it '^ 

over the body. The left rentriele 
lias more to do thao any otlicr cavi- 
ty. The two auricles contract at the 
same instant ; bo, also, do the Tentn.- 
cles. The sounds which they respect- 
ively make may be imitated by the 
words lubb, tup. The conrse of the 
current in Birds and Mammals is as 
follows : the venous blood brought 
from the system is discharged by two 
or three large tninks" into the right 
auricle, which immediately forces it no. ti.-piui ot cii«Dia- 
past a valve" into the right ventnde. ^i™ B?»eDirtdei\°pni' 
The ventricle then contracts, and the "^"Z ;!!'7 wfj'!; 

' manary v«jijb, bringing 

blood mshes throueh the pulmonary '•'"^ f™" ""* si"*. ■*. 
= ^ . ^ ■ndanlllngliiUieaoTti, 

artery past its semilnnar valves into /,- c, tbd& etn. 
the lungs, where it is clianged fi-om bine to crimson, re- 
turning by tlie pulmonary vein to the left auricle. This 
sends it past the mi- 
titd valves into the left 
ventricle, which drives 
it by the semilnnar 
Tftlves into the aorta, 
and thence, by its ram- 
ifying arteries and cap- 
illaries, into all parts 
of the body except tlio 
lungs. From the cap- 
illaries, the blood, now 
changed from crimson 
^T-'L'X\''ri .ra,..,.,,.. Vb™ <» W™. » 8»*«""1 ^3 

>iidlfiiniiiat>: a,r)ghliinrlelBr*tel»lngTmoii» Jjig veinS.Rnd COUVeved 

blood ftoin the ■jwtem ; ft, left enricle receiving 

arterial btood from the Innge ; c, if, Tenlrldei ; bsck tO the heart. 

rf, «,/, lyilomlc artery, Teln, end caplllarlee ! (F, ^^ t> i * av 

A,t,palmopar7arterT, Teln, udc*plUarle>^ TAe Bate 01 tAS 
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Blood-oorrent generally increaees with the activity of 
tlie animal, being moat rapid in Birds." In Insects, )iow~ 
ever, it is comparatively slow; but this is becaose the air 
is taken to the blood — tlie whole body being bathed in air, 
60 that the blood lias no need to hasten to a special organ. 
Neveitheless, the pulsations in a Bee at rest arc nearly 
doubled wlies it is lively. The motion in the arteries is 
two or three times faster than in the veins, bnt diminishes 
OS the distance from the lieart increases. In the aorta of 
the Horse, the blood moves V2i inches per second ; in that 
of Man, lOi^ ; in the capillaries of Man, 2 inches per min- 
ute ; in those of a Frog, 1. 

The Cause of the Blood-ourrent may be cilia, or the 
contractions of the body, or pnlssting tubes or hearts. 
In the higher animals, the impulse of the heart is not the 
sole means : it is aided by the contractions of the arteries 
themselves, the movements of the chest in respiration, and 
tlie attraction of tlie tissues for the arterial blood in the 
capillaries. In the Chick, the blood moves before the 
heart begins to beat; and if the heart of an animal he 
suddenly taken out, the motion in the capillaries will 
continue as before. It has been estimated that the force 
which the human Iieart expends in twenty-foor houre is 
equivalent to lifting 12i tons one foot. 



CHAPTER XIV. 

BOW ANIUALS BREATHE. 



Arterial Blood, in passing through the system, both 
loses and gains certain substances. Its loss is made good 
by fresh products of digestion ; and the solid or flnid waste 
matters which it has taken up are removed by excretion. 
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But it becomes tainted, also, by carbonic acid gas, aod 
losea the free oxygen which it possessed. It is this dif- 
ference in the gaseous conteuts which makes the great 
difference between the ciimsoa blood of the arteries and 
the dark-purple blood of the reins in the higher animals. 

The First Ottjeot of Bespiration is to convert Tenons 
into arterial blood. It is done by bringing it to the sur- 
face, so that the carbonic acid may be exhaled and oxygen 
absorbed. Tlie apparatus for this purpose is analogous to 
the one ssed for circulation. In the lowest animals, the 
two are combined. Bnt in the highest, each is casentlally 
a pump, distributing a fluid (in one case air, in the other 
blood) tlirouglt a series of tubes to a system of cells or 
capillaries. They are also closely related to each other: 
the more perfect the cireulation, the more careful the pro- 
vision made for respiration. 

Respiiation is performed eitlior in air or in water. 
So that all animals may be classed as air - breathers or 
water -breathers. Tlie latter are, of course, aquatic, and 
seek the air which is dissolved in the water. Land-snails, 
Mjriapods, Spiders, Insects, Keptiles, Birds, and Mam- 
mals breathe air directly ; the rest, with few exceptions, 
receive it through the medium of water. In the former 
case, the organ is internal ; in the latter, it is more or less 
on the outside. Bnt however varied tlie organs — tubes, 
gills, or lungs — they are all constructed on the same prin- 
ciple. 

<l) Bpongea, inAisoria, and Polypa have no separate respir- 
atory apparatus, bnt absorb air, as well as food, from the 
currents of water passing tin-ongh them. 

In the Star- fish, Sea-ureliin, and the like, wo find the 
first distinct respiratory oi^ns, although none are exclu- 
sively devoted to respiration. There are two sets of ca- 
nals — one carrying the nutrient fluid, and the other, radi- 
ating from a ring around the month, distributing aerated 
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water. Tliie may be called the "water- 
pipe sjBtem." Besides this, tliere are na- 
merous gill -like fringes, -which probably 
Eud ID reGpiration. 

Freeh-water Worms, like the Leech and 
Earth - worm, breathe by the skin. The 
body is always covered by a viscid flnid, 
which has the property of absorbing air. 
The air is, therefore, brouglit into immedi- 
ate contact with the soft skin, andemeatlt 
which hes a deuee net-work of blood-ves- 
sels. 

All the rest of water-breathing animals 
have gills. Tlie simplest form is seen in 
Marine Worms : delicate veins projecting 
through the skin make a scries of arbores- 
cent tnfts along the side of the body ; as 
these float in tlie water, the blood is pun- 
Fib. n "Lnb-irorm fic^- Bivalve Molhisks have four flat gills, 
; consisting of delicate membranes filled with 
: blood-vessels 
lata, or Biurnai and covered 
r«S 1^:1;:^ with cilia. In 
.re.orj.w^ the Oyster, these 
ribbon -like folds are exposed 
to the water when the shell 
opens ; but in the Clam, the 
mantle incloses them, forming 
a tube, called aipAon, throngh 
which the water is driven by 

the cilia." The aquatic Gas- F«i.T8.-Diig™nn..nc SecUm of« 
teropods (Univalves) have ^r'J^T^I.if.'^iB^^ 
either tnfts, like the Worms, p«"|"oiu: c, vKatricie ot hmrt-. 4 

' .,, . annOM; «,peri™itlinBi;/,ftgtaiid. 

or comb-like ciliated gills in nlm um: ^Tenonnimm tBwli 

a cavity bchiiid the head, to •pibruidiiii chunbar. 
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wbiol) the water is admitted by a Biphon. Tlie Ciittle-fish 
lioa Bimilar flat gills covered by the niantte ; but tlie water 
is drawn in by muscular contractions instead of by cilia. 
The end of tbo siphon through which it is ejected is 
called diej^umiel. The leaf-shaped gills of Lobsters and 
Crabs are also placed in tubular cavities, and a current is 
kept «p by a little valve worked by the jaws. 

The perfection of apparatus for aquatic respiration is 
seen in Fishes. The gills are comb-like fringes supported 
on four or five bony or cartila^nous arches, and consist of 
myriads of microscopic capillaries, the object being to ex- 
pose tlie venoas blood io a state of minute subdivision to 
streams of water. The gills are alwa^-s covered; and the 
water takeu in by the mouth passes between tlie gills, and 
escapes by a single opening on each side, in most Fishes, 
bot by five slits in the Sharks. The act of " breathing 
water" resembles swallowing, only the water enters the 
gills instead of the gullet. 

(&} Alr-breatlien have trachea, or lun^s. The former 
consist of two principal tubes, which pass from one end 
of the body to tlie other, opening on the surface by aper- 
tures, called spiradea, 
resembling a row of 
button-holes along the 
sides of the abdomen, 
and i-amifying through 
the smallest and most 
delicate organs, so that 
the air may follow the 
blood wherever it cir- 
culates. To keep the 
pipes ever open, and 
at the same time leave 

.1 a ■! 1 .1 Fid. n.— SplFBCle nraD iDUCt, X iB. 

them flexible, they are 

provided with an elastic spiral thread, like tlie rubber 
8 
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tul)e of ii dixip-liglit. Respiration is i>crfontied by tho 
inovements of the abdomen, na may be 
seen in tlie Bee when at rest This "air- 
pipe eyetcin," as it may be termed, is best 
developed in Insects. 

The "nerves" of an Insect's -vring con- 
sist of a tube within a tube : the inner one 
is a trachea carrying air, and tlie outer one, 
to -Trn taeni Bl'^*^l""g '^i '^ * blood-vcssel. So porfect 
TiibeufiHiinMct. is tlie aeration of tho whole body, from 
thuwiiig eiuiic brain to feet, the blood is ^oxygenized at 
tfMaioi |.jjg moment when, and on the spot where, 

it is carbonized; only one kind of-ilnid is, therefore, cir- 
culating — arterial. It is diflicnlt to drown an Insect, as 
the water can not enter the pores ; bnt if a drop of oil be 
applied to the abdomen, it falls dead at once, being snf- 



Fio. n.— Idenl Svetlno of > Bee : a, allmentarj cuihI : K, darul reetel ; (, trecbct ; 

focated. Tlie largest spiracle is nstially found on tho 
thorax, as under tlie wing of a Motli: snch may bo stran- 
gled by pinching the thorax. 
In Millipedes and Ccutipedoe, the spiracles open into 
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liftle Bacs conbected to- 
gether by tubes; in Spi- 
ders and Scorpions, the 
epiracles, usually four in 
number, are the inoutbs of 
Bacs without the tubes, and 
tlie interior of the sac is 
gathered into folds ; land 
Snails have one spiracle, or 
aperture, on tho left side of 
the nevk, leading to a large 

' •?. , .", Fill. Si— SetUon Ihroogh m broncbbl lobe, 

cavity, or sac, hlied with Lnug.)foBirtt,TnBpillled: ri.lhecavlly[ 
y* , 1 1 ^ rni^ b* ILa ]Ld1d2 membraa) ■apporlliiE' blood- 

fine blood -veasek. These ™,ig. e,pertomi™. «( the orlncesof 

sacs represent me pnmi- .poce., conuluinK the termlLsl brancbw 

tive idea of a hing, which "' ff"" pnimoiirr »«"i« tnppiyiuK ib* 

° ciplllarrplexat./, to Ibc metbet«rwblcb 

13 but an infolding of the llw«lr([«U»cceBBb)rthelobiil>rpi«jiEw. 

skin, divided up into cells, and covered with capillary 
veins." 

Dke the alimentary canal, the tungs of an animal are 
really an inflected portion of the oatcr snrface ; go that 
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bi'eatbing by the skio and breathing by lungs are one in 
principle. Indeed, in many animals, especially Frogs, res- 
piration is carried on by botli liiugs and skin. 

All Vertebrates have two kinds of respiratory organs in 
the course of tlieir life. From FisU to Man, all have gilla 
ill the embryo state." Fishes, and a few 
Amphibians, keep them through life; but 
in tlie rest they disappear. All, too, hare 
lungs; but fully developed only in Eeptiles, 
Birds, and Mammals, The lung of the Fish 
(the air-bladder) reroaios rudimentary. A 
few adult Amphibians, as Proteus and Si- 
ren, retain both gills and lungs, thus forming 
a link between Fishes and Reptiles. But 
Frogs and Salamanders begin life as water- 
breathers, and when mature have lungs only. 
Tlie lungs of Vertebrates are elastic mem- 
branous sacs, divided more or less into cells 
to increase the surface. Upon the walls of 
the cells are spread the capillary blood-res- 
scla. The smaller tlie cells, the gi-eater the 
extent of surface upon which the blood is 
exposed to the influence of the air, and, 
therefore, the more active the respiration 
and the purer the blood. The lungs are 
relatively largest in Reptiles, and smallest 
Fio. st-inti™ '" Mammals. But in the cold-blooded Am- 
otaRepuic.-u, phibians and Reptiles, the air-cells are few 
btfnratian; o, and large; in the warm-blooded Birds and 
^T°°°t^p^ Mammals, tliey are exceedingly uamerous 
iho''*iZ; ?' "ii '^^^ minute." In Bii-ds and Mammals^ tlie 
nidiioenuirj. blood in the capillarics is exposed to the aJr 
on all sides ; in the Reptiles, on one only. Respiration is - 
most perfect in Birds; they require, relatively to their 
weights, more air than Mammals or Reptiles, and most 
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quickly die for lack of it lu Birds, respiration is not 
confined to the liings ; bat, as ia Insecta, extends tliroiigli 
a great part of the body. Air-sacs connected witli the 
longs exist in the abdomen and under the skin of the 
neck, wings, and lege. Even the bones are hollow for 
this purpose; so that if the windpipe be tied, and an 
opening be made in the wing-bone, the Bird will continue 
to respire. The right lung is asually the lai^r; in some 
Snakes, the left is wanting entirely. In Mammals, the 
lungs arc freely snspeuded in the thorax ; in other Yerte- 
bratee, they are fastened to the back. 

The lungs communicate with the atmosphere by means 
of the trachea, or windpipe, formed of a series of cartilag- 
inous rings, which keep it constantly open. It begins in 



Fin. W.— LnncB of ■ Frog : a, hroid 
■ppanttai! t, anllagliioiu ring it 
root of the long«i e, pnlmonary 
nueli ; d, pulmoDur; uca hnlng 
thb pecnllsrity comrooD to all cold- 
blooded alr-braatbcrs, (bat tbe Lro- Fio. S(L — DUtilbntliin ot Alr-tnbei In Uim- 
cbei doei not divide Into bron- mullan Lnngi: a, larjni : ^ triichei; t, d, 
chUl bnncbee. bnt tinnlnitea at>- led and right broocblal tnbeg : t,f,g, IbB 
raptlf b7 oriflca nhlch op«ii at ramlOcilloni. In Man Ibc tDbdlvIilDn con- 
once Into the genenl caTHf. A tinDei nntll tbe nlllmilW Inbca ir< one-lweD- 
caiUlaglnoiu uel-woik dMdci (be tj-flfUi of an Incb In dlameur. Each lobale 
■pue Into little lace, on tbe iralla rsprefenla tn mlolatarc the etmetare ot tbe 
(it which ttie caplUarla* aieapread. mdre lung ota Frog. 

the back part of the month, opening into the pharynx by 
a slit, called the glottia, which, in Mammals, is protected 
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by tlie ralve - like epiglottis. Tlie ti-acliea passes along 
the neck in front of 
the cesopliagtie, and 
divides into two 
, brandies, or hronclii, 
one for each lung. 
In Birds and Maiu- 
mnls, the bronchial 
tubes, after entering 
the lungs, subdivide 
again Into minute 
i-amifications. 
Fio. s:.-skei.iun of ■ Frog. Vertebrates are 

the only animals tliat breathe through tlie mouth or nos- 
trils. Fishes inspire only. Frogs, having no ribs, and 
Turtles, whose ribs are sol- ? o * 

dered together into a shield, 
are compelled to swallow 
the air. Snakes, Lizards, 
and Crocodiles draw it 
into tlie lungs by the play ' 
of the ribs." Birds, unlike 
other animals, do not in- ^ 
hale tlie air by an active 
effort ; for that is done by , 
the springing-back of the 
breikfit-bono and rJhe to 
their natural position. To 
expel the air, the breast- 
bone is dra^m down to- 
ward tlie backbone by 
muscles, which compresses 

tlie lnn?a. cl«Ticl«; >, [nteVcasUl 

Mammals alone have a /,piiiuaoftbediiphni;innttjicii«d 

, . ,, , , , lumbar verMtine; b,ii ' " 

perfect thorax, i.e., a closed uu cibi ■, a, Btainnm. 
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canity for tlie heart and luiigs, with movable walls (hreast- 
bono and ribs) aud a diaphraffm, or iniiBciilar partition, 
BCparating it from the abdomen." luspiratiou (or filling 
the lungs) and expiration (or emptjing tlie lungs) are both 
accomplished by mnsenlar exertion ;' the fonner, by rais- 
ing the ribs and lowering the diaphragm, which enlarge 
the capacity of the chest, and the air mslies in to prevent 
a vaenum ; the latter, by the aisceut of tlte diapliragm and 
the descent of the ribs. 

As a mle, the more active and more muscular an ani- 
mal, the greater the demand for oxygeii. . Thus, warm* 
blooded animals live fast, and their. rapidly decaying tis- 
sues call for rapid respiration; while in the cold-blooded 
creatnres the waste is comparatively slow. ^Respiration is 
most active in Birds, and least in water-breathing animals. 
Theslo^ish Toad respires more slowly than tlie busy 
Bee, the Holliisk more slowly than the Fish. But respi- 
rations, like beats of the heart, are fewer in large Mam- 
mals than iu small ones. An average Man inhales about 
700 cubit feet of air per day. 

Another result of respiration, besides the purification of 
the blood, is the prodnction of heat, The chemical com- 
bination of the oxygen in the air with the carbon in tlie 
tissues is a true combustion ; and, therefore, the more act- 
ive die animal and its breathing, the Iiigher its tempera- 
ture. Birds and Mammals Iiave a temperature of abont 
108° and 100° respectively, and are called warm-Hooded. 
Fishes and Beptiles liavo a lower and more variable tem- 
perature, ranging from 35° to 80°, and are called cold- 
blooded. The Bee is ftom 3° to 10°, and the Earth-worm 
and Snail from 1^° to 2°, higher tlian the air. The mean 
temperature of the Carp and Toad is 51°; of Han, 98°; 
Dog, 99°; Cat, 101°; Squirrel, 105°; Swallow, 111°. 
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CHAPTER XT. 



6ECKETKUI ASD EZCBCnOS. 




Is tbe cirenhtioo of the blood, not oDly are the natrieiit 
nuterisla depoated within tbe body in tbe form of tissue, 
but certftin speoal fluids are separated and conveyed to 
tbe external or internal snrfaces of the body. These fla- 
ids are of two kinds : some, like saliva, gastric juice, bile, 
milk, etc., are for nsef nl purposes ; otbera, like sweat and 
nrinc, are expelled from the system as useless or injurious. 
The separatioQ of the for- 
mer is called secretion; the 
removal of tlie latter is ex- 
cretion. Tlie two functions 
difFer also in thits that se- 
cretion is intennittent, as, e. 
g., the gastric jnice is form- 
ed when wanted, while ex- 
cretion is constant day and 
night Both processes, how- 
ever, are enbstaiitially alike; 
In the lowest forms, there 
are no special organs, but 
secretion and excretion take 

";™.r"ifi."M"SS,;",s p'«« *™» «■" p""™'. ""- 

iireoiar-TiBcniM i»jcr i the neit line i» facc. Even in tlie higher 

tliB buement, or Umltliie membnmei .11 - 

Dud the doited Hub tbe epiiheiuiUTer: suimals, there are secretmg 

a »bow« iBCfewe of enrfliM bjr nlmple ^ . Tl,„ „,„„ 

ptaiwd or (ringed projection.; b,tn membranes. Ihe mem- 

ofcompoandBUiid* alimentary canal and inclos- 

ing the lungs, heart, and joints, secrete hibricattag fluids. 
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The infolding of snch a membraoe into little sacs or 
short tubes {foUicUs), each having its own outlet, is the 
type of all Eecreting and excreting organs. The lower 
tribes have nothing higlier, and the apparatus for prepar- 
ing the gastric fluid attains no further development even 
in Man. When a clnster of these follicles, or sacs, dis- 
charge their contents by one common duct, we have a 
gland. But whether membrane, follicle, or gland, the 
organ is covered with a net -work of blood-vessels, and 
lined with epithelial cells, which are the real agents in the 
process. 

The chief Secreting Oigana are the salivary glands, 
gastric foUidet, pancreas, and liver, all sitnated along 
the digestive tract 

1, The salivary glands, which open into the mouth, 
secrete saliva. They exist in nearly all animals, except 
Fishes, Crocodiles, and Whales, end are most lai^ly de- 
veloped in such as live on vegetable 

food. The saliva serves to lubricate 
or dissolve tlie food for swallowing, 
and, in Mammals that masticate, aids 
also in digestion." 

2, The gastric follicles are minute 
tubes in the walls of the stomach se- 
creting gastric juice. They are found 
in all Vertebrates, and in the higher 
Mollusks and Articulates. In tlie low- 
er forms, a simple membrane lined 
with cells serves the same purpose. 
Under the microscope, the soft mu- 
cons membrane of the human stem- 
ach plants a honoj-oomb appear. "Si-^l'tS'.l' 
aace, caused by numerous depressions J"j,°f^,fin"g''or'c^ 
or cells. At the bottom of tiiese de- '"="'" epiibeiinm. 
pressions are clusters of spots, which are the orifices of 
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the tnbnlar follicles. TIic follides are less tban -Wmr of 
an inch iu diameter, and DUiiiber millioiia. 

3. Tlie pancreas, or "sweetbread," so important in tlio 
proc-ess of digestion, wtieu present, exists only in tbeYcr- 

tebmtes and the higher 
MoUiiEks. In its struct- 
nre and its secretion it 
closely resembles the sal- 
Uajry glands. In the Cut- 
tle-tJBh, it is represent^ 
by a sac ; in Fishes, by " 
a group of follicles. It 
is proportionally largest 
in Birds whoso salivary 
glands are deficient. TIio 
(.cjiucdact; cducirniiBtiieUTer: fsw pancreatiti juico entci-fl 
the aiiodennm. 

4. A liver in Bonie form is found in all animals having 
a distinct digestive cavity. In Mollueks and Vertebrates, 
it is the largest gland in the body. The higher the ani- 
mal, the more compact the organ. Tims, in Polyps it is 
repi-esented by yellowish cells lining the stomach; in In- 
sects, by delicate tnbes along the intestine ; in Molhisks, 
by a clnster of sacs, or follicles, forming a loose compound 
gland. In Vertebrates, the liver is well defined, and com- 
posed of a mnltilude of lobules (which give it a granular 
appearance) arranged on tlie capillary leins, like grapes 
on a stem, and containing nucleated secreting cells. It 
is of variable shape, but iiGually two, three, or five lobed, 
and is centrally situated — in Mammals, juet below the 
diaphragm. In most Vertebrates, there is an appendage 
to the livei-, called the gall-bladder, which is simply a res- 
ervoii" for the bile when not wanted. 

The liver is both a secretoiy and excretory organ. Few- 
while the bile jierforms an essential, though mysteriooej 
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pai-t in the digestive process, it is dccompoBing matter 
Altered from the bloo4, and, if not caBt out of the system, 



Fia. M^Uttt at tbt Dug, F, F ; D, dnodcDDm lud iDtutlnea ; P, puncreu ; r, 
i).1c«ii: t, Btomacb: /.rectnmi II, rlshl kldnej; B, Edll • bladder ; <A. cjalle 
duct: F, lobe or livsr dliMCted to ahov dlttrlbniloa of porul t^a, VP, ud 
bspilICTElD, cA; d, dl*pbnigin 1 VC,TeuauTS; C, beart. 

produces jaundice. It is reabsorbed b; the lacteals, bnt 
is finally discharged by oxidation through the lungs. In 
animals of slow respiration, as Crustaceans, Mollnsks, 
Fishes, and Kcptiles, fat accumulates in the liver. " Cod- 
liver oil" is an example. 

The sreat Excreting Organs are the lungs, the kid^ 
neyt, and the aJnn; and the substances which tliey re- 
move from tlie system — carbonic acid, water, and urea — 
are the products of decomposition, or organic matter on 
its way back to the mineral kingdom." Different as these 
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oi^ns appear, they are constrncted upon the Eame prin- 
ciple : each cwnsieting of a very thin sheet of tissae sepa- 
rathig tlie blood to be purified from the atmosphere, and 
Btraining out, as it 'were, the noxions matters. All, more- 
over, excrete the same substances, but in very different 
proportions : . the luogG exhale carbonic acid and water, 
with a trace of nrea; the kidueys expel water, urea, and 
K little carbonic acid ; while the skin partakes of the nat- 
ure of botli, for it is not only reepiratoiy, especially among 
the lower animals, but it performs t!ie work of the kidneys 
when they are diseased. 

1. The lungs (and likewise gills) are mainly excretory 
organs. Tlie oxygen they impart sweeps with the blood 
through every part of the body, and unites with, i. e., 
bums up, the cfFote matters, which, set free by mnscnlar 
and nervous exertion, would poison the system, if not 
removed. Tlio carbonic-acid gas thus generated is car- 
licd by the veins to tlio lungs, and there exhaled in breath- 
ing. This process is more immedi- 
ately necessary to life tlian any oth- 
er : the arrest of respiration is fatal 
2. While the lungs (and skin also, 
to a slight degree) are sources of 
gain as well as loss to the blood, the 
kidneys are purely excretory organs. 
Tlicir solo function is to eliminate 
the solid products of decay which 
can not pass out by the lungs. In 
Mammals, they are discharged iu 
solution ; but from other animals 
P.9. »s._9«iion of BamoQ ^'^^° ^™^ ''"*« *!'*' excrotion is 
Kidn.7 ahowiDg tbe tnbn- moTO or Icss Solid. In Inscots, the 

tar portion, B, gronped Inlo , ^ 

cooMi J, the nreier, or oot- kiducvs are groups of tubes ; in the 

letoftlmecrelJoii. -l- i_ ' -»r ii i i 

nigner JVlolhiEks, tliey are represent- 
ed by spongy masses of follicles; in Vertebrates, they are 
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well -developed glands, two in number, aod consisting of 
oloeelj packed tabes. 

3. The skin of the soft-skiuned animak, particularly 
of Aznphibians and Mammals, are covered with minote 
por^ which are tlie ends of as many delicate tubes that 
lie coiled up into a knot within tlie true skip. These are 
the Bweat-glands, which excrete watery vapor, and with it 
certain aalts and gasca. The importance of this excretiou, 
known as perepii-ation, is shown by the fact that if the 
skin be varnished over, the animal will die. On the ac- 
ceseion of Leo X. to the papal chair, a child was gilded 
all over, at Florence, to represent the Golden Age, and it 
died in a few hours. 

Besides these secretions and excretions, there are oth- 
era, confined to particolar animals, and designed for spe- 
cial pnrposes: enoh are the oily matters secreted from the 
skin of qnadrnpeds for lubricating the hair and keeping 
tlie skin flexible ; the teais of Septileo, Birds, and Main- 
Dials; the milk of Mammals; the ink of tho Cattle-fish; 
the poison in the stings of Jelly- fishes and Insects; and 
the silk of Spidera and Gitcrpillars. 



CHAPTER 2VI. 

THE SXra A!n> SKELETON. 



The Skin, or lutegomeut, is that layer of tiasne which 
covers tlie outer surface of tlie body. The term Skeleton 
is applied to the hard parts of ihe body, whether external 
or internal, which 8erv6 as a frame-work or protection to 
the softer organs, and afford points of attachment to mus- 
cles. If external, as the orust of tho Lobster, it is called 
&osieleton; if internal, as tho bones of Man, it is called 
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Endoaideton. The former is bnt a modification of tlie 
Bkin. 

I. The Skin. — The ekin is a very complex tissue, since 
it serves not only for a covering, but also for an oi^n of 
excretion, absorption, and touch. In the lowest forms, as 
Amoebee and Infusoria, it is an extremely delicate film, or 
membrane, bnt little more consistent tlian the body wliicli 
it envelopes. But tbroughont the animal kingdom, from 
the slimy coat of the Polyp to the thick hide of the Khi- 
noceros, the skin shows a similai' structure — an inner and 
an outer layer; the former called dermis; the latter, epi- 
dermig.'^ 

Except in the low and immature forms, as Worms and 
Caterpillai-e, tlio skin of Articulates is hardened into a 
crust. The loose skin, called the mantle, which envelopes 
the body of the MoUusk corresponds to the tme skin of 
higher animals. The border of the mantle is surround- 
ed with a delicate fringe, and, moreover, contains minute 
glands, which secrete the shell and the coloring matter 
by which it is adorned. The Tunicatee have a leathery 
epidermis, remarkable for containing, instead of lime, a 
substance resembling ve^table cellulose. 

In Mammals, whose skin is most fully developed, the 
dermis is a sheet of tough elastic tissue, consisting of in- 
terlacing fibres, and containing blood-vessels, lymphatics, 
eweat-glands, and ncr\'es. It is the part converted into 
leather when hides are tanned, and attains the extreme 
thickness of three inches in the Rhinoceros. The upper 
surface is covered with a vast number of minute projcc- 
teMeA. papiUcE, each the termination of a nerve; 
are the essential agents in the sense of touch." 
are best seen on the tongue of an Ox or Cat, and 
e human fingers, where they ai-e arranged in rows, 
vering this sensitive layer, and accurately molded to 
) furrows and ridges, lies the bloodless and nerveless 
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epidonnis. It is that part of the eiin 'wbidi is raised in a 
blister. It is thickest where there is most pressure or hard 
usage : on tiie back of tlie Camel it attains tuiusnal thick- 
ness. Tlie lower portion of the epidermis (called rete mu- 



PiS. M.— Section of Skin, Ihrni II<>rH'« Noatrll : K, epidermis i D, dentin j 1 , biHTij 

dncl of It gadoiipBroui, or iiweat, glrnid : C, gliimerule, or canTolalcd Inbe or the 
lame; A, tulr TDDIcla ; T, utMceont gUnd : 8, luteroil Bbuth otllie h*l[ folUcle; 
9, bulb oflbe hair; 10, mut ol 4dlpoM tluoe. 

cosuiri) is comparatively soft, and consists of nucleated 
cells eonlainitig pigment-gran iilee, on which tlio color of 
tUo animal depends. Toward the surface, tlio cells be- 
come flattened, and finally, on the outside, are changed to 
homy scales (Fig. 2, c). 

These scales, in the higher animals, are constantly wear- 
ing off in the form of sciii-f, and as constantly being re- 
newed from below. ' In Lizards and Serpents, the old epi- 
dermis is cast entire, being stripped off from the head to 
the tail ; in the Toad, it comes off in two pieces ; in the 
Frog, in shreds ; in Fishes and some Mollnsks, in the form 
of slime. Uowever modified the epidermis, or whatcrer 
its appendages, tlio like process of removal goes on. Ham- 
mals shed their hair; Birds, their feathers; and Crabs, 
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their sheila. When the loss ia periodical, it is termed 
moulting. 

' 2. The Skeletons. — a) The EKostcelewn is developed 
hy the hardening of the skin, and, with very' few excep- 
tiona, ia the only kiud of ekeletou posseased bj iDveiie- 
brate animale. The u&ital forms are coral, shells, crusts, 
scales, plates, hairs, and feathere. It la horny or calcar 
reoua; while the endoakeleton is generally a deposit of 
eartliy material n'ittiin the body, and is nearly confined 
to the Vertebrates. 

The mici-oscopic particles of living jelly, called Poly- 
cisiinca and Foraviinifera, cover thomeelves with sili- 
ceous and calcareous Ehclls of the most beautiful pat^ 
teraa. Tlie Sponge has an internal skeleton of homy 
fibres, which is the sponge of commerce. Coral ia the 




Fia. VS.— I, Vnlical SecllriD, «nd, I, Trnnmna Section, nf a Bderodcnnle Cornlllte: 
ii,inoiitbi ^, tentocles; r,etommch: d, Inlcrmoeiilerlc cbnralier; (.mCMDMrj; 
/, MplDiu: 9, endodenn; A, eptlheci; t, Iheu, or outer wnU; n, coluniella: i^ 
•ban pnrtltlDiii: p, tubnla, or InrtTsne pinllloae, ■ cbineteriitic of giliiict 
corele; r, eclerobow; «, ccpnenchyms, or commna labninr* coDDectlDE * oei^ 
borlDg conllile ; f, eclodenn ; c, ptll, or JTnperTect putltlona. 

solid frame-work of certain Polyps, There are two kinds: 
one represented by the common white coral, which is a 
calcareouB accretion within the body of the Polyp, in tbe 
form of a cylinder, with partitions radiating toward a 
centre {sclerodermic) ; the other, represented by the solid 
red coral of jewelry, is a central axis deposited by a group 
of Polyps on the outside (acUrobaaic), 
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The skeleton of the Star-fish is a leathery ekin etiidded 
with calcareous particlee. The Sea- urchin is covered 
with an inflexible 
shell of elaborate 
and beautiful con- 
st met ion. The 
shell is really a 
calcified skin, be- 
ing a net-work of 
fibrous tissue and 
earthy matter. It 
varies in shape 
from a sphere to 
a disk; and con- 
sists of hundreds 
of angular pieces accurately fitted together, like inoeaic- 
work. These form ten zones, like the ribs of a melon, 
five broad ones alternating with five narrower ones. The 
former (called interamhulacra) are covered with tnber- 



Fia. M.-Shell of Sea-nrchln {CidarU) vltbont iti 



Fia. II.— Slrtictnrc of Seo-nrcblna' Splnea : I, a, uplne of CUarii sM iDBgltiidlnillj ; 
(, ■, ball and aockctjolut; p, pedlcellarle ; 1,3, traDsrerae leclloDa of iplnea of 
CUarii iDd Sehinu*. 

cles bearing movable spines. The narrow zones (called 
ambulacra, as they are likened to walks through a forest) 
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&re pierced with small holes, through which the animal 
sends out fleshy tentacles. 

The skin of the Crah and Lobster is hardened hy cal- 
careous deposit into a " crust," or shell ;** but, instead of 
forming one piece, it is divided into a eeries of segments, 
which move on each other. The number of these seg- 
ments, or rings, is usually twenty-one — to the head, tho- 
rax, and abdomen, seven each. In the adult, however, 
the rings of the head and thorax are often soldered to- 
gether into one shield, called ceplialo-thorax ; and in the 
Horseshoe Crab all the divisions of tlie skeleton are quite 
obliterated. The sliell of Crustaceans is periodically cast 
off, for they continue to grow even after they have reach- 
ed their mature form. This molting Is a very remarka- 
ble operation. How 
the Lobster can 
draw its legs from 
their cases without 
unjointing or split- 
ting them has long 
been a puzzle." 
But the cast - off 
skeleton is a per- 
fect copy of the 
animal, retaining in 
their places the del- 
icate coverings of 
the eyes and an- 
tcnniB, and even the 
lining membrane of 

a. sa— DlBgrain at nn Inuct: A, bead bearlns Ibe the StOmach With 

ejeiand uleDiic: B, prMhor«i, or prouolnm, cur- ■.„ . ,1 , 

rj'lDg Uh fint pair or legii C, miwothonil. clrrylDg >^ teCtlt I 
Iheaecondpalr of legaandflmtpalrofwing,: D, The l,n-nv CMIfil 

rrjing Iha Ulrd polr ot leg. and aecond pair of ^"^ norny CniSt_ 

of Insects differs 
from that of Cnu- 



wUh ovipositor, F; 
hip: >, liodiniiUr ; B, famur, or thigh; 
iluDki n, tatiua.or fool: e,i:1str. 
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taceans in consisting mainly of cliitiae and in containing 
no lime. Tlie bead, thorax, and abdomen are distinct, 
aud nsuall; coneist of thirteen visible segments — one for 
the head, three for the thorax (called prothorax, mesotho- 
rax, and metatkorax), and nine for tlie abdomen. The 
antennae, or feelers, legs, and wings, as well aa hairs, * 
spines, and scales, are appendages of the skeleton. As 
Insects grow only during the larval, or caterpillar, state, 
molting is confined to that period. 

The shells of MolliiskB are well-known examples of exo- 
skeletons. The mantle, or loose skin, of these animals se- 
cretes calcareous earth in successive layers, converting tlie 
epidermis into a "sbell."" So vaiious and chai-aeteristic 
is the microscopic structure of shells, tliat a fragment is 
sometimes sufficient to detennine the gioup to which it 
belongs. A lai^ class of shells is represented by that of 
the Oyster, whidi is composed of three parts : the external 
brown epiduiTnts, of homy texture ; tlien the prismatic 
portion, consisting of minute columns set perpendicularly 
to the sm-facc ; and the internal nacreous layer, or " motli- 
er-of-pearl," made up of exceedingly thin plates. Tlie 
pearly Instre of the last is due to light falling upon the 
outcropping edges of wavy laminjE." In many cases, the 
prisniatic and nacreous layers ai'e tra\'er&ed by minute 
tnbcs. Another typical shell-strncturo is seen in the com- 
mon Cone, a section of which shows three layers, besides 
die epidermis, consisting of minute plates set at different 
angles. I'he Nautilus is composed of two distinct layers: 
the outer one having the fracture of broken chiiia; the 
inner one, nacrefflis. 

Most living shells are made of one piece,, as the Snail ; 
these are called " nnivalves." Othere, as the Clam, con- 
sist of two parts, and are called "bivalves," In either 
case, a valve may be regarded aa a hollow cone, growing 
in a spiral form. The ribs, ridges, or spines on tlie out- 
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aide of a sliell mark the snccessive periods of growth, aud, 
therefore, correspond with the age of the aitimaL The 
following fignres show the principal parts of tlie ordinary 
bivalves and univalves. The valves of a bivalve are gen- 
erally equal, and the umboneB, or beaks, a little in front 
■ of the centre. The valves are bound together by a liga- 
ment near the umboncs, and often, 
also, by means of a "hinge" foi-m- 
ed by the " tectli" of one valve in- 
terlocking into cavities in the oth- 
er. The apertnre of a univalve is 




iCytherea Tin. 100.— Sectlnu of a Splml 
' ■ UniiBlva (IWtoneorniijahi*): 

0, *p«i; b,aplK; r, an tare ! 
AlOQB orib« tDlerluraod pMtflTloridductormDs- dt pooteriur cauni; ft outer 
cIm: fi, pnlUitl Impreraion ; i^ iIdiu occupied bj lip oribt iperlBrc; /.iDterl- 
lb« retnclor of Lbe ■Ipbon*. or unal. 

fi-eqnently closed by a homy or calcareons plate, called 
"operculum," which tlic animal carries on its back, and 
which is a pai-t of the cxoskeleton. 

Imbedded in the back cf the Cuttlc-fiBh is a very light 
spongy " bone," which, as already observed, is a secretion 
from the skin, and, therefore, belongs to the exoskeleton. 
It has no resemblance to trne bone, but is formed, like 
shells, of a number of calcareous plates. Nevertheless, 
the Cuttle-fish does exliibit tlw first traces of an ondo- 
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skeleton : these are plates of cai-tllage, one of which sur- 
rounds tite brain, and hence maj be called a skull. To 
this cartilage, not to the "cuttle -bone," the mUEcles are 
attached. 

In Vertebmtes, the exoskeleton is subordinate to the 
endoakeleton, and is feebly developed in comparison. It 
18 represented by a 
gi-eat variety of append- 
ages to the skin, which 
are mainly oi;gans for 
protection, not for sup- 
port. Some are homy 
developments of the ep- 
idermis, such as hail's, 
featliei's, nails, claws, 

hoofs, horns, and the Fia. lOI Skelelsl Architecture In ttio AmilAII- 

I J Tj .■! 4.1 '"i "linwliia ihe reliitliiu of the rampai to the 

scales of lieptlles; Ota- Tenebnl colDmn. 

ere arise f lom the hardening of the dermis by calcareous 
matter, as the scales of Fishes, the plates of Crocodiles 
and Tuitles, and tlie shield of the Armadillo. 

The scales of Fishes (and likewise the spines of tbcir 
vertical fins) lie imbedded in the overlapping folds of the 
skin, and are covered with a thin epidermis. The scales 
of the bony Fislica (Perch, Salmon, etc.) consist of two 




Fio.HW.— DLiBramniBiLr Section of the Skin of B Fish (Carjt): o, lionn.thnwInKtam- 
lnBted Birucliire wllh Tertlcul flb^e^6,■ r,Brl«1j iHyer; i, Inmlnoied lnver,willi 
colcAreoiu grmDnlei! d, emMiUdnl partlon develnplug IdIu icsle): /, scfdv-plt. 

layers, slightly calcareous, and marked by concentric and 
radiating lines. Those of the Shark have the structure of 
teeth, while the scutes, or plates, of the Crocodiles, Turtles, 
and Armadillos are of true bone. 
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The scales of 
Snakes and Lizards 
are homy epiderm- 
ic plates covering 
the overlapping 
folds of the tnie 
skin. In some Tur- 
tles ihese plates are 
of great size, and 
are called " tor- 
toise - shell ;" they 
cover the bony 

yia.loe.— VerticnlBectlonnflhoFortfiiotoriheHorM dermal plates. The 

(middle dfsil) : l.S,*,|.m.lmal. middle, .n<ldl««l. , ,, j 

or imgnAl, pbftUti^B; S, i^eiainuldi or iinC-bcme; fl, o 

«.T, Hudooi; 9. »lii»tlc IlMnBi B, 10, Inlem.l and pf Bll-ds, and Otl 
cxlemol floot ot tbe tioofi 11, 1!, iDUraal aad ei- ' 

terusl wtlta. tlie tail 01 tUe 

Beaver and Rat, havo the same 
structure. Kails ai'e flattened 
homy plates developed from the 
upper surface of tlie fingers and 
toes. Claws are sharp conical 
nails, being developed from the 
sides as well as upper snrface; 
and hoofs are hliint cylindrical 
claws. Hollow horns, as of the 
Ox, may bo likened to claws 
sheathing a bony case. The horn 
of the Rhinoceros is a solid mass 
of epidermal fibres. " Whale- 
bone," the rattles of tlie Hattle- 
snake, and the beaks of Turtles Fio.iw.-«etti™onh«nont.nd 
and Birds, are likewise epidermal, gl," "'m. ™«,^' «ui!'".pi" 
Hairs, the characteristic clothing ^•""'c •™i«", iii« inner i«)er, 

' = e, f.innlng Ihe onl*r coTertnB 

or Mammals, are elongated homy odae aiimrt, being imbricowd ; 

J £ 11 -.1 )) J "" "*'' "">'!"■ of »nBul«r 

cones, COmjK>Sea or ' pitti and cell« loaded vUh plgoeat. 
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"cmst" Tlie latter ie an outer layer of minute over- 
lapping scales, which are dii'ected 
toward the point, so that rubbing 
a human hair or fibre of wool be- 
tween the thumb and finger pushes 
the root-end awaj. The root is 
bulbous, and is contained in a ini- 
nnte depression, or sac, formed by 
an infolding of the skin. Plairs are 
usually set obliquely into the ekin. 
Porcupine's quills and Iledgehog's 
spines make an easy transition to 
feathers, which differ from hairs • 
only in splitting up into numerous 
laminse. They are the most com- 
plicated of all the modifications of 
tlic epidermis. They consist of a 
"qnill" (answering- to the bulb of 
a hair), and a " sliaEt," supporting 
the "vane," which is made up of 
" barbs," " barbules," and interlock- 
ing " processes." The quill alone 
is hollow, and has an orifice at 
each end. The teeth of MoUusks 

and Articulates are also epidermal '^'qom^bamii^B^fi*^ 
stmctnrcs; but the teeth of Verte- l"^°'„^i^^;f'J^^^Z 
brates are developed from the der- "'"' °PPf ""'•i"™ " <"'- 

^ flee, lending to the loterlorot 

mis. In all cases, teeth belong to thsquiii. 
the exoekeloton. A human tooth and an oyster-shell rep- 
resent each other, structure for structure. 

(2) The Eadoakeleton, as we have seen, has its first rep- 
resentative in the Cuttle-fish. With this exception, it is 
peculiar to Vertebrates. In the Cuttle-fish, and some 
Fishee, as the Stui^on and Shark, it consists of carti- 
lage ; l)ut in all others (when adult) it is bone or osseons 
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tissue. Yet there is a diversity in the compoeition of 
bony BbeletODs: that of fresh -vrater Fishes contains the 
least earthy matter, and that of Birds the uiost. Hence 
the density and ivory-whiteness of the bones of tho lat- 
ter. Unlike the shells of Mollusks and the crust of tlie 
Lobster, -whicli grow by the addition of layers to their 
borders, bones are moist, liviag parts, penetrated by blood- 
vessels and nerves, and covered with a tough membrane, 
called periosteum, for tlie attachment of muscles. 

The surface of bones is compact; but tlie interior may 
be solid or spongy (as tho bones of Fishes, Turtles, Slotlis, 
and Whales), or hollow (as the long bones of Birds and 
the active quadrupeds). There are also cavities (called 
"sinuses'*) between the inner and outer walls of the skull, 
as remarkably shown by the Elephant. The cavities in 
the long bones of qnadnipeds are filled with marrow ; 
those in the long bones of Bii-ds and in skulls contain 
air. 

The nuinber of bones not only differs in different ani- 
mals, bnt varies with the age of an individual. In very 
early life there are no bones at all ; and ossification, or the 
conversion of cai-tilage into bone, is not completed until 
maturity. This process Iiegins at a multitude o£ points, 
and theoretically tliere are as many bones in a skeleton as 
centres of ossification. But the actual number is usually 
much less — a result of the tendency of theso centres to 
coalesce. Thus, the thigh-bone in youth is composed of 
five distinct portions, which gradually unite. So in the 
lower Vertebrates many pai-ts remain distinct which in 
the higher are joined into one. The occiput or back- 
bone of Man's skull is the union of three or four bones, 
which are seen separate in the skull of the Fish. 

A complete skeleton, made up of all tho pieces which 
might enter into its compo^tion, does not exist Every 
animal has some deficiency. All have a ekuU and back- 

Dgr^.^JvCOOglC 



THE SKIN AKD SKELEl-OX. 137 

bone ; but in the development of the various parts, and 
especially of the appendages, there ia endless variety. 
Fishes come nearest to the archetype skeleton ; but while 
they possess a complete set of skulI-boncs, they Iiave do 
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representatives of fingers and toes. The Snahe has plenty 
of ribs and tail, but no breast-bone; the Frog has a breast- 
bone, but neither tail nor ribs. As the skeleton of a Fish 
IB too complicated for the primary student, we will select 
for illustration tlie skeleton of a Lion — the typo of quad- 
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rupeda. It Ehould be remembered, however, that all Ver- 
tebrates are formed on one plan. 

The vertebrate skeleton conBiets of a series of rings, 
called vertebra, arranged along the back of the body, 
with certain appendages, as limbs, ribs, etc. The verte- 
brse are always present, but tlie appendages are incon- 
stant. In the lowest Fishes, tlie spinal column is a con- 
tinuous cylinder, with scarcely a trace of division, and in 
Birds, also, it is much consolidated ; but usually the verte- 
brae are separable. They range in number from 10 in the 
Frog (not counting tlie head) to 305 in the Boa-constrictor. 

A typical vertebra consists of a number of bony pieces 
so arranged as to form two arclies, or hoops, connected by 




Pio. lOr.— Vertobne— A, corrlwl ; B, domi : 
tainlnc foramen, a, Rir irUrj \ 0, icUcnlB 
■pine; l,.u>tiril una!; 0, ficeU tor h«d of rib, tlie [uberclB o[ IbB rib flltlnf 
to • (KeL on Uie proccH, 4i b, lunloa or aeDnpopfa^aei. 

a central bone, or centrtim." The npper hoop is called 
the neural arch, because it encircles the spinal marrow ; 
the lower lioop is called the hcBmal arch, because it ii 
closes die heart and the great central blood-vessels. A 
actual vertebra, however, is subject to bo many modifica- 
tions, that it deviates more or less from tliis ideal type. 
Selecting one from the middle of the back for an exam' 
pie, we see that the centrum sends ofE from its dorsal side 
two branches, or processes, called neurapophyeeg. These 
meet to form tlie neural arch, under wliich is the neural 
canal, and above which is a process called the neural 
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gpine. On tlie anterior and posterior edges of the arch 
are smooth surfacee, or sygapophyaea, which in the natural 
state are covei-ed with cartilage, and come in contact with 
the corresponding surfaces of the preceding and sncceed- 
ing vertebrsB. The hasea of the Arch arc notolied in front 
and behind, so tliat when two vei-tebne are put together a 
round opening {j,ntereert^raX foramen) appears between 
the pair, giving passage to the nerves issuing from the spi- 
nal cord. From the sides of the arch, blunt transverse proo- 
esees project outward and backward, called diapopkyses. 
Such are the main elements in a represeittatire vertebra. 
The liffimal arch is not formed by any part of the verte- 
bra, but by tlie ribs and breast-bon& Theoretically, how- 
ever, the ribs are considered as elongated processes from 
the centrum {pleurapop/tyset), and in a few cases a ha- 
mat ^ine is developed froTn the breast-bone correspond- 
ing to the neural spine. 

The vertebrse are united together by ligaments, but 
chiefiy by a vefy tough, dense, and elastic substance be- 
tween tlie centra. The nonral ai-ches form a continuous 
canal wliich contains and protects the spinal cord ; hence 
the vertebral column is called the neurosheleton. The 
column is always more or less curved; but the beautiful 
sigmoid curvature is peculiar to Man. The vertebras 
gradually increase in size from tlie head toward tlie end 
of the trunk, and then diminish to the end of the tail. 
The neural arch and centrum are seldom wanting; the 
first vertebra in the neck has no centrum, and the last in 
the tail is all centnim. Tlie vertebrse of the extremities 
(head and tail) depart most widely from the typical form. 

Tlie vertebral coliiinn in Fishes and Snakes is divisible 
into three r^oiis — head, trunk, and tail. But in the 
higher animals there are six kinds of vertebno: cranial, 
cervical, dorsal, lumiiar, sacral, and caudal. 

The cranial vertebree form the skull. They are greatly 
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BONES OF THE MAMMALIAN SKULL.* 
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THZ SKULL OF THB DOQ. 
Fis. I0S.~1Jiider mrfdcs. Pio. lOD.— Upper Rirhcc. Fia. 110.— LoBgitndlml m- 
tlenl McUon ; ODO-balf DKlnnl iIh : SOy inpnoccIplMl ; EaO, cxucclpllal ; BO, 
bulotclpiUl: //>, iDterpiilelili ni,puleUi1: AiftoDtil; £^, (qnimaBs] ; JTo, 
niBUr; L, lacbrrmal: Wx, mutlli: /'Ifz, premmllla ; Xa,DiH]i XT, mulllo- 
tnrMnol i BT. ethmolBrblDul ; MB, aumed porLkm of tbe megettimoid ; CE. cri- 
brifarm, or eleTe-Uks, p1iii« of Ibe slhrnoinrblnal i VO, ronsr ; PS, prnphenold ; 
03, orbllaapbeDuld i AS, >l[epbeuoid: BS, bMlupbraald ; PI, pilslln*; Ft, 
pleiTgoId: Per, periotic 1 l^y, tympiulcbollB! an, anterior uiiriiil BperturB; up, 
or op/, inlerior palnlioe furuiwD! ppf, posterior palMliie futuueu; ia, IntVa- 
orbllil foniTneii ; ixif. poatorbltat procen of fraiitil bone ; op, optic fanmeu ; i/, 
(pbeooldiil OaaDre; fr, Isrimea rotDndnm, and autctlor opeotng of *11>pheiicdd 
canal: oa, poilerlin opening nrnllnpbBDOld conal; /o, r»r*ineii oralC! Jim, tun- 
men iBHrnin ■nedimn ; ftr; glenoid foTM: gji, poetglenold pn>c«U! pftT, poit- 
gleniild [nraiDBn; earn, eiiernHl aDdlCar; meatna: m, etj^lonaetold ronmeD; 
Jlp, fonineu laccmm poaierini : r/. coudflar forunen : pp, parocclpltal proceui 
ac, occipital condyle : /n, fornmeo mignnm: a. aai^lar proccM: a, aympbraUof 
tbe mandible wliaie It nbllee wllb tbe left nmna : id, loferlor dental caeil t ad, 
eoDdjla ; ep, coninold proceu : tbe ' Indlcatee tbe port of tbe cianlum to wblcb 
tbe condyle la arllcnUIed wbea the mandible la In place ; the upper border Id 
wblch tbe teeth are Implanted la called alveolar; i\ th, cA, bh, (A, lijoldeau Ip- 
pantDi, or oa Unffio, anpporllDK tbe toiisne. Ia tbe ekbllg of old aolnula, 
tbora are three rldgea: mtiptial, bebludj tagitM medlibi on the upper anrlacej 
nod aii^MrorftitaJ. acron the fronlai, lu the teglau of the ejobrowa. Tbe lait la 
bighlj developed la Ibe QorUla. 

* Id thta dl*er>in, modltled frtm Hmla^'a, the Itilldied bonea are alngte ; (he 
reat are diinbW. Than In Ibe line of the Klhmald Tonn Ihe Crania -/aeial Aiit: 
Ibeae, with Ihe other apbauolda and occlplute, are developed In cartilage ; the reat 
in menbriiie booei. In tbe Hmtum akall, the three occlpllnla ra*leace IdIo od«. 
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modified, as the nenml arches are expanded to incloEe the 
braio. The nuinber of distinct bones composing tlie skull 
is greatest in Fishes, and least in Birds ; this arises from 
the fact that the bouee remain separate in the former case, 
while those of the chick become united together {anchy- 
losed) in the full-grown Bird. A skull consists of the 
brain-case and the face. The principal parts of the eknll, 
as shown in the Dog's, are : 1. The occipital bone behind, 
containing a large hole, or foramen magnum, on each 
side of which are rounded prominences, called condyles, 
by which the skull articulates with the fii-st cervical ver- 
tebra, 2. The parietal. 3. The frontal. These thi-ee 
form the main walls of the brain. 4. Tho sphenoid, on 
tlie floor of the skull in front of the occipital, and con- 
sisting of three pieces. 5. The temporal, in which is sit- 
uated the ear. In Man this is one bone; but in most ani- 
mals tliere are three — the periotic, tympanic, and squa- 
mosal. 6. The maiar, or "cheek-bone," which sends 



10. 111. — Skoll ol Ihe Uarae: 1. premaiLllBrr boos; t, upper IndMrai S, apper 
CSDlneB ; 4, enperior miilllBiy ; 0, InfruirblUI forameD ; 0, aap^or moilllai7 
■pins; I, Daiul baaei; 3, lachrjmnl ; 9, arlilul cariLy; 10, lachryiDal CiHa: II, 
nmUr; It, upper niulini 13, frontal; IS, Ej-j^mnUc «cb ; I(,pnrlel>l! II, oo 
eipltal pnitiiberuice : IS, DcclplUI crert : IV, occlplul condyles ; SO, eirlold proc- 
tattt; 21, petrooi bone 1 K, buUar procen : IB, condfle or inferior mulllit? ; 
UipBTleUlcreet-, l^ [Drerlornaiillarj : M, lovci molun ; IT, MiterioMnUlUtqr 
forUDieDi S8, loner MnlBSB; 3t, lower ludson. 
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back a process to meet one from the Bqiiainosal, forming 
the sygomatic areh. 7. The nasal, or roof of the nosfe. 
8. Tlie maxilla; that part of the upper jaw in which the 
canines, premolarB, and molars are lodged. 9. The pre- 
mamilla, in which the upper incisors are situated. 10. 
The palatine, which, with the maxillary bones, forms the 
roof of the mouth. There are two appendages to the 
skull : the mandible, or lower jaw, whose condyles, or 
rounded extremities, fit into a cavity (the glenoid) in the 
temporal bone ; and the hyoid, situated at the root of the 



The cervical vertebra, or bones of the neck, are peculiar 
in having an orifice on each side of the centrnm for the 
passage of an artery. The first, called ailas, because it 
snpports the head, has no centrum, and tnma on the sec- 
ond, called axis, around a blunt process, called the odon- 
toid. Tlie centi-a are usually wider than deep, and the 
neural spines very short, except in the last oue. The num- 
ber of cervical vertebrae ranges from 1 in the Frog to 25 
in the Swan. 

The dorsal vertebrw are such as bear ribs, which, unit- 
ing witli the breast-bone, or starnum, form a bony arch 
over the heart and lungs, called the thorax. The sternum 
may be wanting, as in Fishes and Snakes, or greatly de- 
veloped, as in Birda When present, the first vertebra 
whose ribs are connected with it ii the first dorsal. The 
neural spines of the dorsal seiies aro generally long, point- 
ing backward. 

The lumbar vertebra aro the massive vertebrsa lying in 
the loins between the dorsals and the hip-bones. 

The aaaral vertebrce lie between the hip-bones, and are 
generally consolidated into one complex bone, called sa- 
crum. 

The caudal vert^rce are placed behind the sacrum, 
and form the tail. They diminish in size, losing proo 
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esses and neural arch, till finally nothing is left but the 
ccntrnm. They nnmber from 3 or 4 in Han to 270 in 
the Shark. 

Besides the lower jaw, hyoid, and ribs, Vertebrates 
have other appendages to the spinal colnrnD — two pairs 
of litnhs," The fore limb ia divided into the pectoral 
arch (or shoulder girdle), the arm, and the ha7id. The 
arch is fastened to the ribs and vertebrae by powerful 
muscles, and consists of three bones, the scapula, or shoul- 
der-blade, the coracoid, and the clavicle, or collar-bone. 
The scapula and coracoid are generally united, the latter 
forming a pTOceas of tho former; and the clavicles are 
frequently wanting, as in the hoofed animals. Tlie Aw- 
nunia, radius, and ulna are the bones of the arm, the 
first articulating by ball-and-socket joint with the scapu- 
la, and by a hinge-joint witli the radius and nlna. The 
humerus and radius are always present; but the ulna may 
be absent. The bones of the hand are divided into those 
of the carpus, or wrist ; the metacarpus, or palm ; and the 
phalanges, or fingere. The fingers, or " digits," range in 
number from 1 to 5. 

The hind limb is composed of the pelvic arch (or hip- 
bones), the leg, and the foot. These parts correspond 
closely with the skeleton of the tore limb. Like the 
shoulder, the pelvic aroh, or as innamtnatum, consists of 
three honea^ilium, ischium, and pubis. The three are 
distinct in Reptiles and in the young of higher animals ; 
but in adult Eiids and Mammals they become united to- 
gether, and are also (except in Wliales) solidly attached to 
the sacrum. The two pelvic arches and the sacrum thus 
soldered into one make ihepelvis^ The leg-bones consist 
of the femur, or thigh ; the tihia, or shin-bone ; and the 
fibula, or splint-bone. The rounded head of the femnr 
fits into a cavity {acetabulum) in the pelvic arch, while 
tlie lower end articulates Tvith the tibia, and sometimes 
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(as in Birds) with the fibula also. Au extra bone, the 
jMiella, or knee-pan, is hung by a muscle in front of the 
joint between the femur and tibia of tlie higher animals. 
The foot is made np of the tarsus, or ankle ; the meta- 
tarsus, or lower instep; and the phalanges, or toes. The 
toes nnmbcr from 1 in the IIorEe to 5 in Man. 

Certain parts of the skeleton, as of the skull, are firm- 
ly joined together by zigzag edges or by overlapping; in 
either case the joint is called a aut^cre. But tlie great 
majority of the bones are intended to move one upon 
another. The veitebr© are locked together by their 
processes, and also by a tough fibrous substance between 
the centra, so that a slight motion only is allowed. The 
limbs furnish the best examples of movable articulations, 
as the ball-and-socket joint at the shoulder, and the hinge- 
joint at the elbow. The bones are held together by liga- 
ments, and, to prevent friction, the extremities are cover- 
ed with cartilage, which is constantly lubricated with an 
unctoons fluid called synovia. 



CHEMICAL COMPOSITION OF BONEa 
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Fio. 11&— Bkdelon of the TortolM (plaalron nmoredh a, ccrrlcil TerUbnB! <,di>r- 
u1 TertebrBi d, rlba; <,*lenitJ tlb«(tba nurgltial bono ofths ciripu); t,BCip- 
Ola 1 1, darlcle ; b, concold boDC t /, pvlila ; i, remor ; g, llbU i k, flbnli. 



[0.110 — Skeleton oft Vnltnre: 1. cranium— tbe parts of wblcb an Mparsble odIj 
in Ibe chtck; 2, cerrlcol vertebne ; a,dom1; «, coccysed, orcaadil; lbs lambu 
and ucTB] are cotiEalldated toRctbcr, and to Ihe rlbi.Oi e, Blemdm, oi breait- 
bone, extraardiaarllT dSTelotied; t, rnrcnlnm, clavicle, or " viah-boiie :" 8, con- 
cold; >, KApulBi 10, bDmenm; 11, ulna, nlLb mdlmeDtniT ndlDl; IE, melscliv 
pala; IB, phalaneea of tbe grcnt dl|[lt of tbe wlag; 19. tbrnnb; 14, pelvla! IS, fa- 
mnr: IC, tibia and flbal*. or eras ; IT, neuianae (lanoile wanting in Blida); la, 
ibtemal diglC, or toe. formed of tbree phalanKca ; Itae middle toe hu Ibiir pbk- 
Uojtea ; the outer, Ore ; and tbe buck toe, or tbomli, two. 
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Pis. 11T.— Skelslon of the Haras (£}tiu« tabatlu^ : K, promullltrT : IS, fiirtmcn Id 
ttae TdsilllnrT; 15, nasal; t>, orblc: IV, carciDnld proccM of lower Jnv ; IT, iDrfBCS 
oflmplulBlionfoTlhemBHeWriniiKle; then arc Mren ceirlcal vertebrc, nine- 
teen donal, D-D ; Ave Inmbar, u-e ; Ave Bacml,/-!,- and aerBateen caadal, p-r ,- 
D1, acapDlB, or ihonlder-bUde: i, aplne, or crest ; h, coraeoid prcx»BB (Bcromioa 
wauling) ; 1. flnt pair of riba (claTlcle vauIlnR, Ha In all Un^lalep) ; t, aUmnm ; 
a,abBftorbDmenui i, deltoid ridge; g, head llttliiR Id tbe glenoid CBTity oflfaa 
•capala—aear It la a great IDbeiorltj furlhe iltachmentorapowerrDl laaaclo; i, 
condjlea; Kcadlua, to nhlcb la flrml; anebrlosed a rudlmenlarj ulna. H, called 
olectanon ; W, lbs aeven booea nf Ibe carpoa, or wrIaC ; DT, large metacaipal. or 
"cannon-bone," wllb two "epllnt-bonee;" B8, [etlock-jcilnt ; N.pbninngesof tbe 
dereloped digit, eorreapondlng to tbe tblrd Anger In Man ; si, pelrla ; CB. the 
gnat tiocheiiter, or prominence on the fCtnnr, K: W, tibia; (7, nidlmealarj 
Sbota; BS, hock, or heel, blielj called knee; m, metalanala. 
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Fia. lis.— Skeleton or the Ox (Dot (aururi. 



Fio. IK.— Skeloton or in Slephut {BUpluu rndtcix}. 
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l^a. IN SkslstoD of Ihe Cblmpuua {TrtglodtM nlgn^. 
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CHAPTER XVIL 

HOW AHIUALB UOVE. 



],. Mnaole. — The power of animal motion ia vested in 
protoplasm, cilia, and muscles. The Bimplcst forms of 
life, as the structiireless Sponge and Am<xba, move by 
the ooDtractioD and exteiision of the protoplasm of which 
they consist In nearly all animals we find with the mi- 
croscope myriads of little hair-like cilia, which are inces- 
santly vibrating. They are seen on the outside of Infu- 
Eoria, serving as paddles for locomotion ; tliey fringe the 
gills of the Oyster, creating cnrrents for respiration ; and 
they line the passage to our lungs to expel the mncits. 
The cause of ciliary motion is unknown j no muscle or 
nerve has been traced to them. Water seems to be a nec- 
eseary condition. 

But muscular tissue is the great motor agent, and exists- 
in all animals from the Coral to Man. The power of con- 
tractility, which in the Amceba is diffused throughout the 
body, is here confined to bundles of highly elastic fibres, 
called muades. When a muscle contracts, it tends to bring 



Fia. in A. CantncdDg Hiucle. 

its two ends together, thns shortening itself, at the same 
time increasing in thickness. This shrinking property is 
excited by external stimulants, such as electricity, acids, 
alkalies, sudden heat or cold, and even a sharp blow ; bat 
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the ordinary cause of contraction is an inflnence from the 
brain conTeyed by a nerve. The property, however, is 
independent of the nervous system, for it does not cease 
immediately after death. The amoimt of force witlt 
which a muBcte contracts depends on the number of its 
fibres ; and the amount of shortening, on their length. 

As a rule, muscles are white in cold-blooded animals, 
and red in the warm-blooded. They are white in all the 
Invertebrates, Fishes, Batracbians, and Geptiles, except 
Salmon, Sturgeon, and Shark ; and red in Birds and 
Mammals, except in the breast of the common fowl, and 
the like." 

It is also a rule, with some exceptions, that the volun- 
tary muscles of Vertebrates, and all the muscles of tlie 
Lobster, Spider, and Insect ti-ibes, are striated ; while the 
involuntary muscles of Vertebrates, and all the muscles 
of CadiatcB, Worms, and Mollnsks, are smooth. All mus- 
cles attached to intei-nal bones, or to a jointed external 
skeleton, are striated. The vohmtaiy muscles are gener- 
ally solid ; and the involuntary, hollow." 

This leads to another claesification of muscles : into 
those which are attached to solid parts within the body ; 
those which are attached to the skin or its modifications ; 
and those having no attachments, being complete in them- 
selves. The last are hollow or circular muselee, inclosing 
a cavity or space, which they reduce by contraction. Ex- 
amples of such are seen in the heart, hlood-veesels, stom- 
ach, iris of the eye, and around the raouth. lii the lower 
Invertebrates, the muscular system is a net-work of longi- 
tudinal, transverse, and oblique fibres intimately blended 
with the skin, and not divisible into separate muscles. As 
in the walls of the human stomach, the fibres are usually 
in three distinct layers. This arrangetncnt is exhibited by 
soft-bodied animals, like the Sea-anemone, the Snail, and 
the Earth-worm. Four thousand fibres have been counted 
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in a Caterpillar. There are also "eldn-ninBoleB" in tlie 
Liglier animals, as tlioae by which the Horeo produces a 
twitching of the akin to rfiake off Insects, aiid those by 
which the liairs of the head and the feathers of Birds are 
made to etand on end. Invertebrates, wliose skin is hard- 
ened into a shell or crost, have muscles attached to the in- 
side of BHcli a skeleton. Thus, the Oyster has a mass of 
parallel fibres connecting its two valves ; while in the Lob- 
ster and Bee, fibres go from ring to ring, both longitudi- 
nally and spirally. The moscles of all Invertebrates are 
straight parallel fibres, not in bundles, but distinct, and 
nsnally flat, thin, and soft. 

The great majority of the muscles of Vertebrates are 
attached to the bones, and such are voluntary. The fibres, 
which are coarsest in Fishes (most of all in the Bays), and 
finest in Bulls, are boimd into bundles by a web-like tis- 
sue ; and the muscles thus made up are arranged in layei-s 
around the skeleton. Sometimes their extremities are at- 
tached to the bones (or rather to the periaateum) directly ; 
but generally by means of white inelastic cords, called 
tendons. In Fishes, the chief masses of muscle are dis- 
posed along the sides of the body, apparently in longitu- 
dinal bands, reaching from head to tail, but really in a 
series of vertical flakes, one for each vertebra. In propor- 
tion as limbs are developed, we find the muscles concen- 
trated about the shoulders and hips, as in quadrupeds. 
The bones of the limbs are used as levers in locomotion, 
the fulcrum being the end of a bone with which the mov- 
ing one is articulated. Thus, in raising the arm, the hu- 
merus is a lever working upon the scapula as a fulcrum. 
The most important muscles are called extensora and J^- 
ors. The former are such as pass over the back of a joint 
to extend the bone beyond it ; while the flexors lie iu fi-ont 
of the joint to bring tlie same bone into an angle with its 
fulcrum — as in bending the arm. 
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2. Locomotion. — All animals have the power of toI- 
TiDtaiy motion, and all, at one time or another, have the 
means of moving themselves from place to place. A few 
are free in the embrjo-life, and fixed when adnlt, as the 
Sponge, Coral, Crinoid, and Ojster. There may be no 
regular well-defined means of progression, as in tlie Amoe- 
ba, which extemporizes arms to ci-eep over the surface ; 
or movement may be accomplished by the contraction 
of the whole body, as in the Jelly-fish, witioh, pulsating 
about fifteen times in a minttte, propels itself backward 
through the water. So the Wonns and Snakes swim by 
the undulations of the body. 

But, aa a i-nle, animals are provided with special organs 
for locomotion. These become reduced in number, and 
progressively perfected, aa we advance in the scale of 
rank. Thus, the Animalcule is covered with thousands 
of hair-like cilia; the Starfish has hundreds of soft, un- 
jointed, tubular suckers; the Centipede has from 30 to 
40 jointed hollow legs ; the Lobster, 10 ; the Spider, 8 ; 
and the Insect, 6 ; tlie Quadruped lias 4 solid limbs for 
locomotion ; and Man, only 2. 

(1> Looomotloa In Water. — As only the lower foi-ma of 
life are aquatic, and as the weight of the body is partly 
sustained by the element, we must expect to find the or- 
gans of progression simple and feeble. The Infusoria 
swim with great rapidity by the incessant vibrations of 
the delicate filaments, or cilia, on their bodies. The com- 
mon Squid on our coast admits water into the interior of 
the body, and then suddenly forces it out through a fun- 
nel, and thus moves backward, or foi-ward, or around, ac- 
cording as the funnel is turned — toward the head, or tail, 
or to one side. The Lobster has a fin at the end of its 
tail, and propels itself backward by a qnicb down-stroke 
of the abdomen. 

Bat Fishes, whose bodies ofFer the least resistance to 
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progression through water, are the meet perfect swirainers. 
Tlins, the Salmon can go twenty miles an hour, and even 



Fio. 1H.— The Fliu of ■ Flab [Pike-pcrek). 

ascend cataracts. They have fine of two kinds : those set 
obliquely to the body, and in pairs ; and those which are 
vertical, and single. The former, c&Wed pectoral and ven- 
tral fins, represent the fore and hind limba of quadnipeda. 
The vertical fins, which are only expansions of tlie skin, 
vaiy in nnmber; but in most Fishes tliere are at least 
three: the caudal, or tail-fin; the dorsal, or back-fin; 
and the anal, sitnntcd on tlio abdo- 
men, near the tail. The chief loco- 
motive agent is the tail, which sculls 
like a stem -oar; the other fins are 
mainly used to balance and raise the 
body, Wlien the two lobes of the 
tail are equal, and the vertebral col- 
umn stops sliort at its base, as in the 
Trout, it is said to be AomocercaL 
If the vertebrffi extend into the up- 
per lobe, making it longer than the 
lower one, as in the Shark, the tail is 
'Tog'^°S"i'i"ro'^ called heterocercal. The latter is the 
rt«''i;re'S''.i^8ii?^thfl '"*'™ effective for varying the course; 
reBnitant of iha two im- tijo Shark, €. ff., wJU accompanv and 

pnlnei! Is the itnlehl line ' . , , i ■ • r n -1 

infroQt. gambol around a ship in tuU sail 

across the Atlantic. Tlie Whale swims by striking the 
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water up aod down,. instead of laterallj, with a fin-like 
horizontal tail Many air-breathing animals swim with 
facility on the surface, as the Water-birds, having webbed 
toes, and most of the Eeptiles and Quadrupeds. 

<2) Locomotion In Air. — The power of jSight requires a 
special moditication of structui-e and an extraordinary 
muscular ofEort, for air is 800 times lighter than water. 
Nevertheless, the velocity attainable by certain Birda is 
greater than that of any Fish or Quadruped ; the Ilawk 
being able to go 150 miles an hour. The bodies of In- 
sects and Birds are made as light as possible by tlie dis- 
tribution of air-cavities," 

The wings of Insects are generally four in number; 
sometimes only two, as in Uie Fly. They are moved by 
muscles lying inside the thorax. They are simple expan- 
sions of the skin, or crust, being composed of two delicate 
films of the epidermis stretched upon a net-woik of tubes. 
There are three main varieties : thin and transparent, as 
in tlie Dragon-fly ; opaque, and covered with minute col- 
ored scales, which are in reality flattened haiis, as in the 
Butterfly ; and hard and opaque, as tlie first pair (called 
elytra) of the Beetle. 

The wings of Birds, on the other hand, are modified 
fore-limbs, consisting of three sets of feathers (called j>ri- 
mary, secondary, and tertiary), inserted on the liand, fore- 
arm, and humerus. The muscles which give the down- 
ward stroke of the wing are fastened to the breast-bone ; 
and their power, in proportion to the weight of the Bird, 
is as 10,000 to 1. Tet the Insect is even superior in vigor 
and velocity of flight." In ascending, the Bird slightly 
rotates the wing, striking downward and a little back- 
ward; while the tail acts as a rudder. A short, rounded, 
concave wing, as in the comtnon Fowl, is not so well fit- 
ted for high and prolonged flight as tlie long, broad, point- 
ed, and flat wing of the Eagle. The wing is folded by 
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means of an elastic skin connecting tlie ehonlder aud 
wrist, which is stretched when the wing is expanded. 



Fm. IU.— FUmtDEOO UkiDg Vlng;. 

Besides Insects and Birds, a few other animals have the 
power of flight, as Bats, by means of long webbed fingers ; 
Fljing Fishes, by large pectoral fins ; and Flying Reptiles, 
Flying Squirrels, and the like, by membranes between the 
fore and hind lega 

(3) Looomotloii on SoUds. — This requires less muscnlar 
effort than swimming or flying. The more unyielding 
the basis of snpport, the greater the amount of force left 
to move the animal along. The simplest method is the 
suctorial, the animal attaching itself to some flxed object, 
and then, by contraction, dragging the body onward. But 
the higher and more common method ia by the nse of 
bones, or other hard parts, as levers. 

The Star-flsh creeps by the working of hundreds of 
tubular suckers, which are extended by being filled witli 
fluid forced into them by little sacs. Tlie Clam moves 
by fixing and contracting a muscular appendage, called 
a "foot" The Snail has innnmerable short muscles on 
the under side of its body, which, by successive contrac- 
tions resembling minute undulations, enable the animal 
to glide forward apparently without effort. The Leech 
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has a siieker at each end : fixing itself hj the one on ite 
tail, and then stretching the body, by contracting the 
mascnlar fibi-es which mn around it, the creature fastens 
its mouth by suction, and draws forward the hinder parts 
by the contraction of longitudinal muscles. The Earth' 
worm lengthens and shortens itself in the same way as 
the Leech, but instead of suckers for holding its position, 
it has numerous minute spines pointing baokwaixl; while 
the Caterpillar has slioi-t legs for the same purpose. The 
legless Serpent moves by means of the scutes, or large 
Bcal^, on the under side of the body, acted upon by the 
ribs. In a ati-aight line, locomotion is slow ; but by curv- 
ing the body laterally or vertically, it can glide or leap 
with great rapidity. 

Most animals hare movable jointed limbs, acted upon 
as levers by numerous muscles. The Centipede has forty- 
two legs, each with five joints and a claw. The Crab has 
five pairs of aiz-jointed legs ; but the front pair is modi- 
fied into pincers for prehension. With the rest, which 
end in a eliarp claw, tiie Crab moves backward, foi-ward, 
or sideways. The Spider has eight legs, usually seven- 
jointed, and terminating in two claws toothed like a 



,> « A 




na. lis.— niigrai 

twaMi .(.do 

iDlsnuU rao Ibi 

comb, and a third which acts like a thumb. In running, 
it moves tlie first right leg, then the fourth left ; next, the 
first left, and then the fourth right ; tlien the third right 
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and Becond left together; and, lastly, the third left and 
flecond right together. The front and hiud paii-s are, 
therefore, moved like those of a quadruped. The Insect 
lias six legs, each of 
five joiDts: the coxa, 
or hip; trochanter; 
/emur; Mia, or 
shank ; and iarsut. 
The last is subdi- 
vided usually into 
five joints and a 
pair of claws. Such 
as can walk npside 
down, as the Fly, 
have, in addition, 
two or tliree suckera 
hetween the claws," 
While the leg-hones 
no.i«— Pwt o( inwct.: A,iKWo/<bri[i..- B, (,f Vertebrates are 

QanM-flf {ItMtea iomatica) : C, Wiur-beclle 

{i/utitau). covered by the mus- 

cles which moved them, the limbs of Insects are hollow, 
and the muscles inside. Tlie fore legs are directed for- 
ward, and the two hinder pairs backward. In motion, 
the foi-e and hind feet on one side, and the middle one 
on the other, are moved simultaneously, and then the re- 
maining three. 

The foiir-legged animals have essentially the same ap- 
paratus and method of motion. The Crocodile has an 
awkward gait, owing to the fact that the limbs are short, 
and placed far apart, so that the muscles act at a mechan- 
ical disadvantage. The Tortoise is proverbially slow for 
a similar i-eason. Both swim better than they walk. Liz- 
ards are light and agile, but progression is aided by a wrig- 
gling of the body. 

The locomotive organs of the mammalian gnadmpeds 
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are much more Iiiglily organized. The bones are more 
compact; tlie vertebral column is arched, and yet elastic, 
between the shoulder and hip, and the limbs are placed 
vertically nudenieatli the body. The bones of the fore 
limb are nearly in a lino; but those of the hiud limb, 
which is mainly used to project the body forward, are 
more or less inclined to one another, tlie angle Uebg 
greatest in animals of great speed, as tlie Horse. Some 
walk on hoofs, as the Ox (Ungulate); some on the toes, 
as the Cat (Digitigrade) ; others on the sole, touching the 
gi-onnd with the heel, as the Bear (Plantigrade). In the 




Pinnigrade Seal, half of the fore limb is buried under the 
skin, and the hind limbs ai-e turned backward to form a 
fin with the tail. ' Tiie normal number of toes is five ; but 
some may be wanting, so that we have one-toed animals 
(06 Horse), two-toed (as Ox), three-toed (as Rhipoceros), 
four-toed (as Hippopotamus), and five-toed (as the Ele- 
phant). The Horse steps on what corresponds to the nail 
of the middle finger ; and its swiftness is mainly owing 
to the solidity of the extremities of the limbs. Horses 
of the greatest si>ced have the shoulder-joints directed at 
a considerable angle with the arm. 
11 
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The order in wLieh tlie t^ of goadrupeds Bucceed 
eacb other determines tbe varioQE modes of progrcBsion, 
c&lled the walk, trot, gallop, and leap. Many, as tLo 
Horse, have all these movements; while some only leap, 
as the Frog and Kangaroo. In leaping animals, the hind 
limbs are extraordinarily developed. In many Mam- 
maid, like the Squirrel, Cat, and Dog, the fore legs are 
used for prehension as well as locomotion, and saeh have 
a collar-bone. Monkeys use all four, and also the t»il, for 




Fio. lis.— Fed otHoflfed Himmals: .1, Elephint; 0, HIppopDUmnB ; QS 
en»: D,Ox:B, Hone, a, Mlroeilna : rt, cilciinFDin. or heel; t, nnvlcnli 
cabolde*: ce, ci, cm, causKorm boom the nnmbsn ludlcate tb«dlglu In i 



locomotion and prehension, keeping a horizontal attitude; 
while the Apes, half erect, as if they were half-qnadmped, 
half-biped, go shambling along, touching the ground with 
the knuckles of one hand and then of the otlier. In de- 
seending the scale, from the most anthropoid Ape to the 
true quadrnped, we find the centre of gravity placed in- 
creasingly higher np — that is, farther forward. Birds 
and Men are the only true bipeds; the former standing 
on their toes, the latter on the soles of the feet Terres- 
trial Birds walk and run ; while Birds of Flight usually 
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hop. The Ostrich can for a time ontrun the Arabian 
Horse ; and the speed of the Cassowary exceeds that of 
the swiftest Greyhound. 



tarloWiu, or "lillor'i mUKle," Ib« 
loDgtal miucle In (he bodf, HciM 
(be leg upon the (high ; rettuM flnto- 

sitend the leg, mtdntidTiIng ao erect 

Died clileSj in wslklng, for ndiiog 
the heel. ADotber layer nodeillei 
then mperBdal mnedet. 



Fia 110.— Hnectei of an loMct'i Leg 
(ildalrmlAa xnlgari*) -. a, fleiar, mnd 
b,extcii>or, oTtlbli; e, Eeior of foot ; 
d, eeceeeor; iDDicle: *, eiteaaor of 
claw: /, exteaenr of tnmu. The 
Jolnte ire reitHcted (a muremBiit* 
In one plane ; and tbereftin the miu- 
eles on etrnplr fleion and ailanoon. 
All the mnMles are wiCUn the (k«t*- 
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CHAPTER XVin. 

THE HEBTOU8 BT8TEU. 

Nervous Matter exists in the form of cells, fibres, or 
tnbes. In tlio <!cHu]ar Btate it is grayisli, and accumnlated 
in masses, called 
ganglioy or centres, 
which alone origi- 
nate nervous force; 
the fibrous and tu- 
bular kinds are gen- 
erally wliite, and 
t^ arranged in bnn- 
y^\ ^^M '^'^^ called nerves, 

^i-Se^ ^**% which serve only as 

, conductors. Most 
nerves consist of 
white fibres, and 

I^a. 1S1.— Nerra-rellB from QDmni Brnln: A, IMOCI- . . , 

■led wllh asrve-lnbea and blood-Tcaulii B, mulU- gO in paiFS, eacb 

poi«nad«..d«ita. member having a 

distinct ofitce: one carries impressions received from the 
external world to the gray centres, and 
hence is called an afferent, or sensory, 
nerve; the other conducts an infineoce 
generated in the centre to the muscles, 
in obedience to which they contract, 
and hence it is called an efferent, or 
motor, nerve. Thus, when the finger p,^ i3i._n.„o„. g 





is pricked with a pin, an afferent nerve i*iuor«ati 
conveys the impression to the great cen- 

a pair of qui 

Coot^lc 
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Fis. in.— NervDui Sjglem of n 
MollUBk, Uie Gulsropod Aplgt' 
fn: a, anterior RBDEllon! e, ce- 

' pbRllc 1 [, lalaral i 3, ibdomlnBl. 



mits au order by an efferent nerve to tlie innscles of tho 

hand to contract If tlie former 

ai-o cut, senBation is lost, but vol- 

untftrj motion remains; if the 

latter are cut, tlie animal loses 

all control over the musules, al- 
though sensibility is perfect ; if 

both are cut, the animal is eaid 

to be .paralyzed. The nature of 

nerve-force, and exactly how the 

nerves terminate in tlie skin and 

muscles, are unsolved problems. 
Aa to the velocity 
of a nervous im- 
pnlse, we know it 
is far less than 

that of electricity or light, and that it is 
more rapid in warm-blooded tlian in cold- 
blooded animals, being nearly twice as fast 
in Man as iu the Frog. 

Nervous matter iu the form of cells 
doubtless exists in the very lowest ani- 
inalB, although it ia invisible under tho 
most powerful mici-oscopes." But a !»e.'v- 
ous system of centres and nerves for keep- 
ing up a communication between different 
parts of the body ia not reqnired in such 
as have no distinct oi^ans; we would look 
for it only in those possessing a well-do- 
fined mnscular system. In the Star-fish 
I we detect the first clear specimen of cells 
pii'"™^!^''^ snd fibres connected together to receive 
uih?c«ph'Biitw ^^^ convey impressions. It consists of a 
he»d, BMBiion. ring around the mouth, made of five gan- 
glia of equal size, with radiating nerves. The Molluaks 
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are distingniBhed by an irregularly scattered nen-ons aya- 
tem. Thej have two or more ganglia around tlie gnllet, 
and one or two more in tlie posterior region ; all are 
nnitcd by tlireads, and send off nerves to the Yarioiis or- 
gans. The articulated animals generally bave a double 
nervous cord lying along tlie ventral side, and etndded 
witb ganglia of nearly unifonn size, except tbe first, ■which 
is the largoet of all, and represents the brain. In the sim- 
ple Earth-worm there ia no trace of ganglia; in the Centi- 
pede and Caterpillar there ia a ganglion for each segment ; 
but in the higher forms, as tlie Eee, several ganglia are 
fused together in the head and tliorax, indicating a con- 
centration of organs for sensation and locomotion. 

In Vertebi-ates, tlie nervous system ia more highly de- 
veloped, more complex, and more concentrated than in 
the lower fonns. In fact, there are some parts, as tlie 
brain, te wliich we find nothing analogous in the Inverte- 
brates ; and while the actiona of the latter are mainly, if 
not wholly, automatic, those of backboned animals are 
voluntary. Its position, moreover, ia peculiar, the great 
mass of the nervous matter being accumulated on the 
dorsal aide, and inclosed by the neural arches of the skele- 
ton. 

The brain and spinal coi-d lie in the cavity of the skull 
and spinal column, wrapped in three membranes. Both 
consist of gray and white nervoua matter; but in the brain 
the gray ia on tlie outeide, and the white within ; while the 
wliite of the spinal cord is external, and the gray internal. 
Bolli are double, a deep fissnre running from the forehead 
backwai-d, dividing tho brain into two hemiephercs, and 
the spinal cord resembling two columns welded togetlier; 
even the nerves come foi-th in purs to the right and IcfL 
So that a person may be said to consist of two individuals 
acting simultaneously. If the two halves of the brain do 
not act in concert, tlie man is said to be insane ; if one 
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half of the Epiual cord 18 diseased, one side of the body ia 
paralyzed. Tlio brain is the organ of eensation ; the spi- 
nal cord ie the organ of mere life and motion. The brain 
may be removed, and yet the 
animal, though it can not feel, 
will live for a time, showing 
that it is not absolutely essential 
to life; in fact, the brain does f 

nothing in apoplexy and deep 
sleep. Bnt if the spinal cord be 
destroyed, tlie animal dies, for ' 

it can neither move nor breathe, * 

as all the afferent and efferent 
nerves terminate in the cord. 

The Brain is that part of the 
nervous system contained in the 
skull." It increases in size and 
complexity as wo pass from tlie 
Fishes, by the Reptiles and Birds, 
to Mammals. Thus, the body of 
the Cod is 5000 times heavier 
than its brain — in fact, the brain ' 

weighs less than the spinal cord; 
while in Man, the brain, com- 
pared with the body, is as 1 to * 
36, and is 40 times heavier than '''coI^I^''a'Ji" ^"i;.!".^!^ ' 
the spinal cord. The brains of f*f- '°''£''"^'''"', '""T' 

1^ tflrior lobe; c, mlddla lob 

the Cat weigh only 1 oz.; of the ni«auii» obiongBtai t, ce 

Dog, 6 oz. 5i dr.; and of the bracWplemiofnemuBnppiy. 

Horse, 22 oz. 15 dr. The only iomi.m''™^eiV™™i"""" 
animals whose brains ontweigh ^^TJ^'th" S^g^™ S^ljiLwIhS 
Man's are tJie Elephant and twei™piir«orcriini«i iienB»,of 

^ whicti 1 is oirictorj, 1 ire opllc, 

Whale ; tlie maximum weight Ma s »ndiiorj. 

of the Elephant's being 10 lbs. ; and of the Wliale's, 5 lbs. ; 

while the bamau does not exceed 4 lbs. Yet the hnman 
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brain is beaviei- in proportion to the body. But quality 
must bo considered as well as quantttj-, ebe tbe Donkey 
TV-ill outrank the Horse, and the Canary-bird, Han ; for 
tlicir brains are relatively heavier. 

The main parts of the bmn are the cerebrum, cerebel- 
lum, aud medulla oblongata. 

The cerebrum is a mass of white flbroos matter covered 
by a layer of gray cellular matter. In the lower Verte- 
brates, the exterior is 
smooth; but in most 
of the Mammals it is 
convoluted, or folded, 
to increase the amount 
of the gray gui-face. 
The convolutions mul- 
tiply and deepen as we 
ascend the scale of size 
and intelligence, being 
very complex in the 
Elephant and Whale, 
Monkey and Man. Ab 
a rule, they are pro- 
portioned to the intel- 
ligence of the animal ; 
yet the brains of the 
Dog and Horse are 
smoother than those 
of the Sheep and Don- 
key. Evidently the 
" quality of the gray 

Fio, ISe,— Brain of the H.irtc— npper tIsw, one- „ i v i 1 

hdifDatnrsifiie! a,ni«aniiiioi)iiiDBiiui Mai- matter mnst De taken 

lobnlnt flMnro; d.ceiebnl bemlnphe™. ; (, ol- 'nlO aCCOUni. Oa^e m 

(ii«or7 loboiei (lie bony Fishes, the 

cerebrnm is tlio largest portion of the brain ; in Mar, it 
is over eight times heavier than the cerebclhim. 
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The corebelluin, or "little brain," lies beliind the cere- 
brum, and, like it, presents an external gray layer, with a 
white interior. In Mamm^B, it is likewise finely convo- 
luted, consisting of gray and white lamiuffi, and is divided 
into two lobes, or hemispheres. In the rest of the Verte- 
brates, the cerebeHiim is nearly or quite smooth ; and in 
the lowest Fishes it is merely a thin plate of nervons mat- 
ter. In many Vertebrates, however, it is larger, compared 
with the cerebrum, than in Man, since in Man the cere- 
brnm is exti-aordinarlly developed. 

The medulla oblongata is the connecting link between 
the cerebrum and cerebellum and the spinal cord. In 
etrncture, it resembles tlio spinal cord — the white matter 
being external, and the gray internal. The former lies 
beneath or behind the brain, passing through ihe foraiaen 
magnum of the skull, and merging imperceptibly into the 
cord. The latter is a continuous tract of gray matter in- 
closed within strands of wliite fibres, and corresponds to 
the ventral cord in Insects. It usually ends in the hirabar 
region of the vertebral column ; but in Fishes it reaches 
to the end of tlie tail. In Fishes and Reptiles, the cord 
outweighs tlie brain ; in Birds and Mammals, tlie brain is 
heavier than the cord. In Han, it weighs abont an ounce 
and a half. 

The parts of tlie brain ai-e always in pairs; but in rela- 
tive development and position they differ widely in the 
several classes of Vertebrates. In Fishes and Eeptiles, 
they arc arranged in a liorizontal line ; in Birds and Mam- 
mals, they lie on top of each other, till, in Man, t]ie axis of 
the brain is at right angles with the spinal cord. In look- 
ing down upon the brain of a Cod, we see in front a pair 
of olfactory lobes (which send forth the nerves of smell), 
behind them the small cerebral liemispheree, then the 
lai^ optic lobes (in which originate the nerves of sight), 
and, last of all, the thin cerebellum. Not till we reacli 



170 



COMPABATIVB ZOOLOGY. 



Man and the Apes do we find tlie cerebrum bo highly 
developed as to overlap both the olfac- 
tory lobes in front and the cerebellum 

behind. 

FnnoUons of the Brain. 

— The cerebrum is the 

source of intelligence aud 

will. It has no direct 

communication with the 

outeide world, receiving 

its consciousness of ex- 
ternal objects and events 
D. 1ST.— Braiu or through the spinal cord 



e, oifutoiT g*n- sense. The nerves of smell 
'tt;f,tn^- and sight alone come 




Kill: (, oltacloiT 
tieriM; i;, mipplc- 

■MDurr loiHM. f^^ the cerebnim.' 

The cerebellum seems to preside over 
the muscular movements. When re- 



olbclorj lolm: Hc,eBi- 
flbral hemLipbem ; Ai, 
pLnes] f-laad^ Fho md 
8rh, tb[rd and tourth 
Teutrldca; Li^, optic 
lobee; C, cercbellnin; 
Mt, niednlla obloDKaw. 



moved, tho animal desires to execute the mandates of tho 




la. IN.— A, C. nppu ind tide Ticm nf the Bnin otn LIutiL B, D, nppenndM* 
YlBWB of tbi Brain of t Tarkej : OV, oltuctdry lobeg ; Bmp, cerebral Iieml>pho«i[ 
Pr, pineal gtind; if^, optic lobei of lbs middle bnlo; Ci, cenbHInm ; Jf O, mc- 
daUa obloDRaU : «, optic nemi; !■ ud vi, nerret fw ttaa mii«dea of tlw eja; 
Pi/, plUiltarT bodj. 
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will, bnt can not; its motions are in-ogular, and it acta as 
if intoxicated. It is largest in animals capable of the 



Tn. MO.— Br>[D of Ibc Cat (FUf* Hf 
<mtUtai): a,iit«dalU oblonf^U! b, 
cersbelliiDi: e,c<nbnun. bIu. 

most complicated movements; being larger in the Ape 
than in the Lion, in the Lion than in the Ox, in Birds 
than in Beptiles. 

The medulla oblongata is not only the medium of com- 
munication betweea the brain 
and the spinal cord, but it is 
itself a nervous centre : the 



hs. Itt — Hnmsn Bnln, ildc tIbwi 1, Fio. 149 Bnmui Bni)o, npper tIov. 

mednlU oblDne*lai S. «en)MlIniD; Bt oiw-lbird nitaral >lia: 1, ■nlerior 

tronlBl eouTolDtloiu of cenbnun. lab«i ; % poturlor ; t, greal medlno 

brain above and tlie cord below may be removed withont 
death to the animal, bnt the destruction of the medulla 
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is fatal. Of the twelve pairs of nerves issuing from tlie 
contents of tlie skiiU {encepAaloTt), ten come from the me- 
dulla oblongata. Among tliese are the uer\es of hearing 
and taste, and those that control the lunga and heart. 
^ Respiration ceases im- 

mediately when the 
medulla is injured. 

The spinal cord can 
of itself generate nerve- 
foree ; but it is mainly 
a conductor — propaga- 
ting Uirough its central 
gray matter the impres- 
sions received by the 
nerves to the brain, and 
taking back tlirougli 
its fibrous part the im- 
pulses of the brain. In 
Man, thirty-one pairs 
of nerves arise from 
tlie cord to supply the 
■whole body, except the 
head. Each nerve has 
( an anterior and poste- 
rior root: its power of 
I causing muscular con- 
traction is lodged in 
the former (hence called motor), and the power of giv- 
ing rise to senEation resides in the latter {sensory). The 
fibres leading from the brain to the cord cross one anotli- 
er in the medulla oblongata, bo that if the right cerebral 
hemisphei'e be diseased, tlie left side of the body loses tlie 
power of volnntaiy motion. 

The sytnpathetio nervous system is a double chain of . 
knots, or ganglia, lying along the sides of the r^tebral 
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column. From these g&Dglia nerves are given oflE, which, 
iuBtead of going to the skin and musclee, like the spinal 
nenee, form net-works about those internal organs over 
which the will lias no control, as the heart, stomach, and 
intestines. Their apparent office is to Btimulate these or- 
gans to constant activity. By some anatomists, the gan* 
glia are considered as i-eservoirs of nervous force. 

H- \.The Senses. 

Sensation is the consciousness of impi'essions on the 
sensory nerves. These impressions produce some change 
in the brain ; but wliat that change is, is a darkness on 
which no hypothesis throws light. Obviously, we feel 
only the condition of our nervous system, not the objects 
which excite that condition. 

All animals possess a general sensibility diffused over 
tlio greater part of the body." But, besides this (save in 
the Tcry lowest forms), tliey are endowed with special 
nerves for I'eueiving the impressions of light, sonnd, etc. 
These nerves of sense, as tliey are called, although struct- 
nrally alike, transmit different sensations : thus, the Ear 
can not realize liglit, and the Eye can not distinguish 
sounds. In the liigher animals, tlie organs of sight, bear- 
ing, and smell are sitnated in pairs on each side of the 
head; that of taste, in t)ie mncous membrane covering 
the tongue ; while the sense of touch is diffused over the 
skin. Sight and hearing are stimulated, each by one 
agent only ; while tonch, taste, and smell may be elicited 
by various substances. The agents awakening sight, heap 
ing, and toncli are physical ; those causing taste and smoll 
are chemical. Animals differ widely in the numbers and 
keenness of their senses. But there is no sense in any one 
which does not exist in some other. 

Touch is the simplest and the only nniveisal sense ; no 
animal is without it. It is likewise the most positive and 
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certain of the senses. Wliererer it exists, there is a tissue 
containing a net-work of capiUarieB and the terminations 
of sensorjr nen'es. In the Sea-anemone, Snail, and Insect, 
. it is most acute in the 

' ' "feelers" (tentacles, horns, 

and autennse) ;" in the Oys- 
ter, the edge of the mantle 
ie most sensitive ; in Fish- 
es, the lips; in Snakes, the 
tongno ; in Birds, tlie heak 
I and under side of tho toes ; 
in Quadrupeds, the lips and 
tongue ; and in Monkeys 
Pto. i«-v«rion. AnteniML ^nd Man, the lips and tlio 

tips of the tongue and fingers. In the most sensitive parts 
of Birds and Mammals, the true skin is raised np into 
multitudes of minute elevations, called papiUcBy contain- 
ing loops of capillaries and nerve-filaments. There is a 
correspondence between the delicacy of touch and the de- 
velopment of intelligence. The Cat and Dog are more 
Bagacions tlian hoofed animals. The Elephant and Far- 
rot aro remarkably intelligent, and are as celebrated for 
their tactual power. 

Taste is more refined than touch, since it gives a 
knowledge of properties which can not be felt. It is al- 
ways placed at tlie entrance to the 
digestive canal, as its chief purpose 
is to guide animals in their choice 
of food. No special organ of taste I 

can be detected in tlie Invertebrates, 

, Fig. lia.— PaiiUlB at HniMu 

although all seem to exercise a lac- paim, x as, Ui« cnUdo b*. 
nlty in selecting their food. Even '"srcmov^ 
in Fishes, Keptiles, and Birds this sense is very obtuse, 
for they bolt their food. But the higher animals liave it 
well developed. It is confined to the tongue, and is most 
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delicate at the root." A state of solution and an actnal 
contact of the fluid are neccesar; conditions. 

Smell is the perception of odors, i.e., certain suhstances 
in the gaseous state. Many Invertebrates liave this sense : 
Snails, e. g., seem to be guided to their food by its scent, 
and Flies eoon find a piece of meat. 
But it is impossible to say vi^aX or 
where the organ is. Most probably it 
is nnited with the instrument of touch. 
In Tertebmtes, it is placed at the en- 
trance to the rcspii-atory tube, in the 
upper region of the nose. There the ^Z'*i;^TX'^ 
olfactory nerrcs, which isBue from the <»'"'■ 
front lobe of the cerebrum, and pass through the ethmoid 
bone, or roof of the nasal cavity, are distributed over a 
moist mucous membrane. The odorous substance, in a 
gaseous or finely divided state, is dissolved in the mucus 
covering this membrane. In Fishes and Keptiles gener- 
ally, this organ is feebly developed : Sharks, however, 
gather from a great distance ai-ound a carcass. In the 
Porpoises and Whales it is nearly or entirely wanting. 
Among Birds, Waders have the largest olfactory nerves ; 
but Yulturcs seem to have the keenest scent It is most 
acute in the carnivorous quadrupeds, and in some wild 
herbivores, as tlie Deer. la Man it is less delicate, but 
has a wider range than in any brute. 

Hearing is the perception of sound. The simplest 
form of tlie organ is a sac filled with fluid, in which fioat 
the soft and delicate ends of the auditory nerve. The 
vibrations of the fluid are usnally strengthened by the 
presence of minute hard granules, called otoliths. Tlie 
Invertebrates iiave no higher apparatus than this ; and it 
is probable that they can distinguish one noise from an- 
other, but neither pitch nor intensity. In all animals the 
oi^an is double, but not always located in the head. Is 
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the Clam, it is found at the base of the foot ; some Grass- 
hoppers have it iii tlic forelegs ; and in many Ineects it ie 



U' (^' <^< 



on the wing. Lobstci-e, Crabs, and most loBecte have the 
auditory eaca at the base of tiie antennfe."* 

A complex organ of liearing, located in the head, exists 
in all Vertebrates, save tlie very lowest Fishes. As com- 
plete in Man, it consists of the following parts : Ist. The 
external ear (which is pe- 
culiar to Hainmals); the 
auditory canal, about an 
inch long, lined with hairs 
and a \r&Tiy secretion, and 
closed at the bottom by a 
' membrane, called tympa- 
num, or " drum of the 
ear." 2d. The middle 
1 ear, containing three little 
I bones (the smallest in the 

™ml™n^" h°ad'^lb;''dra™VrECi^ ^>^y)' '"1^^«», *"CWS, and 

chi.ntnbeie.dingc<nhephiityDi:i.i»bT- eCopes, articulafed togeth- 

rinlta. wllh Hmiclrciilii UDali and cochlel J' > s ^ 

*iiibi«. er. The cavity communi- 

cates with the external air by means of the Eustachian 
tube, which opens at the back i)art of the month. 3d. 
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The internal ear, or labyrinth, an irregular cavity in the 
solid part of the temporal bone, and separated from the 
middle ear by a bony partiUon, which is perforated by 
two small holes. The labyrinth consists of the vesiibule, 
or entrance; the semicircular canal8, or tabes; and the 
eoehlea, or spiral canal. While the other parts are full of 
air, the labyrinth is iilled with a liquid, and in this float 
the ends of the auditory nerve. The vibrations of the air, 
collected by the external ear, are concentrated upon the 
tympanum, and thence transmitted through the chain of 
httle h&aea to tlie fluid in the labyrinth. 

Xow, the essential organ of hearing is the labyrinth, 
which IB, substantially, a bag filled with fluid and nerve- 
filamente. Fishes generally have but little more. In 
Beptiles there are added a tympanum, chain of bones, 
cochlea, and Eustachian tube; the tympanum being ex- 
ternal. Bii-ds have, estra to Reptiles, an auditory passage, 
opening on a level with the sui-face of the head, and sur- 
rounded by a circle of feathers. Mammals onl;^ have an 
external ear."' 

Sight is the perception of light™ In all animals it 
depends npon the peculiar sensitiveness of the optic nerve 
to the vibrations of ether. But while in Vertebrates this 
nerve comes from the middle mass of the brain, in Inver- 
tebrates it is derived from a ganglion. Many animals are 
utterly destitnte of visual organs, as all tho Protozoans, 
and the lower Eadiates and MoUusks, besides intestinal 
Worms and the blind Fish of Mammoth Cave. Around 
the margin of the Jelly-fish, and at the end of the rays of 
certain Star-fishes and Sea-nrchins, are colored spots, sup- 
posed to be nidimentaiy eyes ; but as a lens is wanting, 
there is no imago; so that the creature can merely dis- 
tinguish light from darkness and color without form. 
Such an eye is nothing but a collection of pigment gran- 
nies OD the expansion of a nervous thread, and the pereep- 
12 
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tioD of light is the sensation of warmth, the pigment ab- 
sorbing the rajs and converting them into heat. 
Going higher, we find a lens introdaced forming a dis^ 
tinct image. The Snail, 
for example, has two sim- 
ple eyes, called ocelli, 
mounted on the tip of its 
long tentacIeB, consisting 
of a globular lenfl,'" with 
a transparent skin (cor- 
nea) in front, and a col- 
ored membrane (choroid) 
and a nervous net-work 
(retina) behind. Such 
organs are the only eyes 
F.o.™.-H..dof.9«nbi-cwd..bowi.g Poeeessed by Myriapoda, 

Uniclii™ of lenUclei: a, right Inferior teu- SpidcrS, ScOruionS, and 
Ucle Wracled within the bodj; ^ right m- ^ ' . ■, , 

parlor lanUclafDllrprotmdBd: a, iBftnipi)- Caterpillars. Adnlt lll- 

Tt.^"^^^^l^Tf»t^^^^^ Beets usually have three 
S;ic^.Tfti"V'°«r»n''h.icr,™ «<=«lli on 'te top of the 

Inftrtor UnUclo i i, m, neiTom colUi. head. But the prOpCT 

^■i8llal organs of Lobsters, Crabs, and Insects are two 
compound eyes, perched on pedestals, or fixed on the 
sides of the head. They consist of 
an immense number of ocelli pfessed 
together so that they take an angular 
fonu — four-sided in Crnstacea, six- 
sided in Insects. They form two , 
rounded protuberances variously col- 
ored — white, yellow, red, green, pur- 
ple, brown, or black. Under the mi- Fio.iH.-HeDdortheH««, 
croscope, the surface is seen to be di- th> ihrre o«iii, or ■i«n- 
vided into a host of facets,'- each be- -"^ ""i th. „.™n«. 
ing an ocellus complete iu itself. Each cornea is convex 
on one side, and either convex or flat on the other, so that 
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it produces a focua like a lens. Behind tlie cornea, or 
lenB, is the pigment, 
having a minute ap- 
erture, or " pupil." 
Next (in place of the 
"vitreous humor" of 
Vertebrates) is a eou- i 
ical tube — one for I 
each facet — with sides 
and bottom lined with 
pigment. These tubes 
converge to the optic 
ganglion, tlie fibres of 
which pass through 
the tnbes to the cor- 
nea.'" Vision by such rta.\li3.-Eye ol aSeelle {MtlolaUha) : , 

•• a, opllc eingllou 1 6, secDndary mnai , ,, , 

a compound eye is not d,plgin*utl.rori (,properop[1cn«ne«: B.Broop 
* . , , of octlll 1 /, bulb of oplfc oer™ ; o, luier of pls> 

a mosaic; but each mcon A,>Ureuiutiiitnor; C.comca. 

ocellus gives a complete image, although a difFereut per- 
spective from its 
ueighbor. The mul- 
tiplied images are re- 
duced to one mental 
stereoecopic picture, 
oil the prhiciple of 
, single vision in our- 
selves. 
The eyes of the 

ft«.i«.-8«.i™«fn™«Exe=-..d».«pp.r«.d.f^""^e-fiflh aro the 

Inmtlld: t, conjnnctiTi, or mncotii mimbr»iie. largest aud tllQ moSt 
Uiiln|ithelDDi!rPiiHii«:d,«Iini>i1ni«nbning;<, ° 

(huUiDtopilcTiervai/.iT.iniuclcglbrmlllnKtbe peifect among Inver- 

eje ap or dovn : A, Klerolli:; t, trannmrent cor- . . . rm. 

iiM:i.ciioroid! t,i,diUfTiiioKi.[bri.4jii>tiiiit tebratcs. iliey re- 

tb«B7«fordfiI»iiHii m,lrli»ndpnp!l: n,e«ii»I; _„„l-,lp, f],o p,-PB nf 

tailor ciiimbari>,p«hiriorchimi>er. higher animals in 

having a crystalline lens with a chamber in front (open, 
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liowever, to the sea-water), and a chamber behind it filled 

with "vitreous hnmor." 
The eye of Tertebratee is formed by the infoldiog of 

the skin to create a lens, and an outgrowth of the brain 
to make a sensitive 
layer. It consists of 
a white spherical case 
(sclerotic) made of 
tough tissue, with a 
transpareiitfrontjcall- 
ed the cornea. This 
case is kept in shape 
by two fluids — the 
thill aqueous humor 
filling tlie cavity just 
behind the cornea, 
and the jelly-like 
vitreous humor oc- 
cupying the lat^r 
posterior chamber. 
Between the two hu- 
mors lies the double- , 
convex crystalline 
lent. On the front 
face of the lens is a 
contractile circular 
curtain (tVw), with a 
hole in the centre 
1 (pujnl) ; and lining 

Fio.lS*.-S«li<.noftbeHni»«nR«llDi,X«0:l,ln- tJig BCleroUc COat is 

tBrcil Umlvlnif membrane; S, opilc-nerve (Ibrwi 

8, ginglion c»ll»: *,lnlennl molw!Ul«r Ujeri K, the choroid mem- 
Inlerasl grwinlai; *, eiterniU molecnlw U.rsr; T, , ., 

eilonialBr»nnlwiS,MWruiUllmUiiiEmifmbran«i DPane, OOVered WltJi 

..i.j«orrod,.»dc«,«iio,p[gm«..uy«. dark pigment. The 
optic nerve, entering at the back of the eye through the 
sclerotic and choroid coats, e^tpands into the transparent 
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retina-j which coDBists of several layers — fibrona, cellalar, 
and granular. The most sensitive part is the surface ly- 
ing next to the black pigment. And here ie a peculiarity 
of the vertebrate eye : the nerve-fibres entering from he- 
hind, turn hack and look toward the bottom of the eye, so 
tliat vision is directed backward ; while invertebrate vision 
is directly forward. In Vertebrates only, the optic nerves 
cross eacJi other {decussate) in passing from the brain to 
the eyes ; so that the right side of the brain, e. g., receives 
the impressions of objects on the left side of tlie body,'** 

Generally, the eyes of Vertebrates are on opposite sides 
of the head ; but in the Flat-fishes both are on the same 
side. Usually, both eyes see tlie same object at once ; but 
in most Fishes the eyes are set so far back, the fields of 
vision are distinct The cornea may be flat, and the lens 
globular, as in Fishes ; or the cornea very convex, and the 
lens flattened, as in Owls. Purely aquatic animals have 
neither eyelids nor tears ; but nearly all others (especially . 
Birds) have three lids.'" The pupil is usually round ; but 
it may be rhomb-shaped, as in Fi-ogs ; vertically oval, as 
in Crocodiles and Cats ; or transversely oval, as in Geese, 
Doves, Horses, and Unminants. Many qnadmpeds, as the 
Cat, have a membrane (tapefum) lining the bottom of the 
eyeball with a brilliant metallic lustre, usually green or 
pearly : it is this which makes the eyes of such animals 
Inminous in the dark. 

3. Instinct and Intelligence. • ' 

The simplest form of nervous excitement is mere sensa- 
tion. Above this we have sensation awakening conscious- 
ness, out of which come those voluntary activities grouped 
together under the name of Instinct ; and, finally, Intelli- 
gence. 

The lowest forms of life are completely under law, for 
tlieir movements seem to be due solely to their oi*ganizar 
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tion. They are automatonB, or creatures of ueceasity. 
Such, also, are Bome actloiis in the higher animals, as 
breathing, the beating of the heart, tlie' contractions of 
the iris, and all the first movements of an infant."* Bnt, 
generally, the actions of animals are not the result of mere 
bodily organization. 

The inferior orders are nnder tlie control of Instinct, 
i, e., an apparently untaught ability to perform actions 
which are useful to the animal'** They seem to be bom 
with a measure of knowledge and skill (as Man is said to 
have innate ideas), acquired neither by reason nor experi- 
ment. For what could hare led Bees to imagine that by 
feeding a worker-larva with royal jelly, instead of bee- 
bread, it wonld turn out a queen, instead of a nenterl 
In this case, neitlier the habit nor the experience could 
be inherited, for the worker-bees are sterile. We can only 
guess that the discovery has been coiumnnicated by the 
survivors of an older swarm. Uniformity is another char- 
acteristic feature of instinct Different individuals of the 
same species execute precisely the same movements under 
like circumstances. The career of one Bee is the cai'eer 
of any other. We do not find one clever and another 
stupid. Honey-combs are built now as tliey were before 
the Christian era. The creatures 'of pure instinct appear 
to be tied down, by the constitution of tlieir nervous sys- 
tem, to one line of action, from wliicli tliey can not spon- 
taneously depart. Tlie actions vary only as the structure 
changes.'" There is a wonderful fitness in what they do ; 
but there is no intentional adaptation of means to ends. 

All animals, from tlie Star-fish to Man, are guided more 
or less by instinct ; but the best examples are furnished by 
the insect-world, especially by the social Hymenoptera 
(Ante, Bees, and Wasps). The Butterfly carefully pro- 
ndes for its yotmg, which it is destined never to see; 
many Insects feed on particnlar species of plants, which 
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they select with wonderf nl s^acity ; and Monkeys avoid 
poisonous berries; Eeea and Squirrels Etore up food for 
the future ; Bees, Wasps, and Spiders construct vriih mar- 
relous precision ; and the subterranean chambers of Ants 
and the dikes of the Beaver show engineering skill; while 
Salmon go from the ocean up the rivers to spawn ; and 
Birds of the temperate zones migrate with great regular- 

it,-. 

Bnt in the midst of this automatism there are the glim- 
merijTgs of intelligence and free-will. We see some evi- 
dence of choice and of designed adaptation. Pure instinct 
ehouid be infallible. Yet we notice mistakes that remind 
us of mental aberrations. Bees are not so economical as 
has been generally supposed. A mathematician can make 
five cells with less was than the Bee uses for four; while 
the Humble-bee uses three times as mnch material as tlic 
Hive-bee. An exact hexagonal cell does not exist in nat- 
ure. Flies lay eggs on the carrion-plant becanse it hap- 
pens to have the odor of putrid meat. The domesticated 
Beaver will hnild a dam across its apartment Birds fre- 
quently make mistakes in the constniotion and location of 
their nests. In fact, the process of clieating animals relies 
on tlie imperfection of instinct. Xor are the actions of 
tlie brute creation always perfectly nnlform; and so far 
as animals conform to circumstances, tliey act from intel- 
ligence, not instinct There is proof that some animals 
profit by experience. Birds do learn to make their nests ; 
and the older ones build the best Trappers know well 
that young animals are more easily caught than old ones. 
Birds brou^t up from the egg, in cages, do not make tlie 
characteristic nests of their species ; nor do they have the 
same song peculiar to their species, if they have not heard 
if Chimney-swallows certainly built their nests different- 
ly in America three hundred years ago. A Bee can make 
cells of another shape, for it sometimes does ; its actions, 
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dierefore, beiog elective and conditioaal, ure io a meaeure 
tbe result of calcalation. 

The mistakes and variations of instinct are indications 
that animals bave sometbing more — a limited nnge of 
tbat principle of IntelUgenoe so Inminona in Han. No 
precise line can be drawn between inBtinctire and intel- 
ligent acts ; all we can sa; is, there is more freedom of 
choice in tbe latter than the former; and that some ani- 
mals are meet instinctive, others roost intelligent Thus, 
we speak of the instinct of tbe Ant, Bee, and Beaver, 
and the intelligence of tbe Elephant, Dog, and Mon- 
key. Instinct loses its peculiar diaracter as intelligence 
becomes developed. Ascending from the Worm and 
Oyster to the Bee, we see the movements become more 
complex in ohai-acter and more special in their objects; 
but instinct is supreme. Still ascending, we observe a 
gradual fading -away of the instincts, till thej become 
subordinate to higher faculties — will and reason. We 
can predict with considerable certainty the actions of ani- 
mals guided by pnre instinct ; but in proportion as they 
possess the power of adapting means to ends, the more 
vaiiable their actions. Thus, the architecture of Birds is 
not so uniform as that of Insects. 

We must credit brutes with a certain amount of obser- 
vation and imitation, curiosity and cunning, memoiy and 
reason. Animals hare been seen to pause, deliberate, or 
experiment, and resolve. The Elephant and Horse, Dog 
and Monkey, particularly, participate in the rational nat- 
ure of Man, up to a certain point. Thinking begins wher- 
ever tliere is an intentional adaptation of means to ends; 
for that involves the comparison and combination of ideas. 
Animals have self-consciousness : a Cat never mistakes an- 
other Cat for itself. Tbey interchange ideas : tiie wliine 
of a Dog at the door on a cold night certainly implies 
that be wants to be let in. Even Bees and Ants, it is well 
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known, confer b; paesing their antennie. All the higher 
animals, too, have siinilar emotions, as joy, fear, lore, and 
anger. 

While instinct culminates in Insects, the highest devel- 
opment of intelligence is presented in Man.'" In Man 
only does instinct cease to ho the controlling power. He 
stands alone in having the whole of his organization con- 
formed to the demands of his brain ; and his intelligent 
acts are characterized by the capacity for nnlimited pn^ 
rese. The brutes can be improved by domesticatioD ; 
but, left to themseheB, they soon relapse into their origi- 
nal wildness. Civilized Man also goes back to savagery ; 
yet Han (though not all Ueu) has the ambition to exalt 
his mental and moral nature. He has a soul, or conscious 
relation to ^e Infinite, which leads him to aspire after a 
lofty ideal. Only ho can form abstract ideas. And, final- 
ly, be is a completely self-determining agent, with a prom- 
inent will and conscience — the highest attribute of the ani- 
mal creation. In all this, Man differs profoundly from the 
lower forms of life. 

3. The Voices of Animals. 
Aquatic animals are mute,'" A world of Radiates, 
Mollnske, and Fishes, therefore, would be silent. Insects 
are about the only Invertebrates capable of producing 
sounds. Their organs are usually external, while those 
of higher animals are intemsl. Insects of rapid flight 
generally make the most noise. In some the noise is pro- 
duced by friction (stridulation) ; in others, by the passage 
of air through the spiracles (humming). The slirill notes 
of Crickets and Grasshoppers are produced by rubbing 
' the wings against eacli other, or against the thighs ; but 
the Cicada, or Harvest -fiy, has a special apparatus — a 
tense membrane on the abdomen, acted upon by muscles. 
The bnzang of Flies and humming of Bees are caused, in 
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part, by the vibrations of tlie wings ; bat the trae voice of 
these iDsectB conies from the spiracles of the thorax. 

Snakes and Lizards have do vocal cords, and can only 
hies. Frogs croak,'" and Crocodiles roar, by the vibra- 
tion of the glottis. The lioge Tortoise of the Oalapagoe 
Islands utters a hoarse, bellowing noise. 

The vocal apparatus in Birds is sitoated at the lower 
end of the trachea, where it divides into the two bron- 
chi."* It consists mainly of a bony drum, with a croes- 
bone, having a vertical membrane attached to its upper 
edge. The membrane is pnt in motion by currents of air 
passing on either side of it Five pairs of mnscles (in the 
Songsters) adjust the length of the windpipe to the pitch 
of the glottis. The vaiious notes are produced by differ- 
ences in the blast of air, as well as by changes in tlie ten- 
sion of the membrane. The range of notes is commonly 
within an octave, Bii-ds of the same family have a simi- 
lar voice.' All tlie Parrots have a hareh utterance ; Creese 
and Ducks quack ; Crows, Magpies, and Jays caw ; while 
the Warblers differ in the quality, rather than the kind, of 
note."* The PaiTot and Moeking-bii-d use the tongue in 
imitating human soniids. Some species possess great com- 
pass of voice. The Bell-bird can be heard nearly three 
miles; and Livingstone said he could distinguish tlie voices 
of the Ostrich and the Lion only by knowing that the for- 
mer roars by day, and the latter by night. 

The vocal organ of Mammals, unlike that of Birds, is 
in the upper part of the larynx. It consists of fonr car- 
tilages, of which the lai^est (the thyroid) produces the 
prominence in die human throat known as "Adam's ap- 
ple," and two elastic bands, called "vocal corda," Just be- 
low the glottis, or upper opening of the windpipe. The 
various tones are determined by tlie tension of these 
cords, which is effected by the raising or lowering of the 
thyroid prominence. The will can not influence the cou- 
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traction of the vocalizing mnscles, except in the very act 
of Tocalization. Tlie vocal sounds produced by Hammals 
may be distinguished into the ordinary voice, tlie cry, and 
the song. The second is the sound made 
by brntefl. Tlie Whale, Porpoise, Armadil- 
lo, Ant-eater, Foi-ciipiue, and Gii-affe ai-e 
generally silent. The Bat's \oic6 is prob- 
ably the shrillest sound audible to human 
eare. There is little modulation in brnte 
utterance. The Opossum purrs, the Sloth 
and Kangaroo moan, the Hog griiuts or 
squeals, the Tapir whistles, the Stag bel- 'i^rTuiinta id 
lows, and the Elephant gi^es a lioai-se trump- ' ^t^JS^ "bjoid 
et sound from its trqiilc and a deep gi*oan '^°^; ^J^] 
from its throat All sheep have a guttural* umi^ff-epigiot 
voice; all the Cows low, from the Bison to 
the Musk-ox; all the Horses and Donkeys neigh; all the 
Cats miati, from the domestic animal to the Lion ; all the 
Bears growl ; and all the Canine family — Fox, Wolf, and 
Dog — bark or howl. The Howling-monkeys and Goril- 
las have a large cavity, or sac, in the throat for resonance, 
enabling them to utter a powerful voice ; and one of the 
Gibbon-apes has the remarkable power of emitting a com- 
plete octave of musical notes. The human voice, taking 
the male and female togetlier, has a range of nearly four 
octaves. Man's power of speech, or the utterance of artic- 
ulate sounds, is due to his tntellectoal development rath- 
er than to any structural difference between him and the 
Apes. Song is produced by the glottis, speech by the 
month. 
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CHAPTER XIX. 



BEPBODUCnON. 



It is a fundamental trath that every living organism 
lias had its origin in some pre-existing organism. The 
doctrine of " siwntaneons generation," or the suppoeed 
origination of organized Btruetni-ea out of inoi^niv parti- 
cles, has not yet been sustained by faet& 

All animals, without exception, arise from e^s. But 
while reproduction by eggs is common to all, it is only one 
among several modes of 
multiplication. For the 
lowest forms of life not 
only genei'ate by e^fs, 
but also by self-division 
and budding."' 

Self- division, the 
Btmpleat mode possible, 
is a natural breaking-np 
of the body into distinct 
surviving parts. This 

t process is sometimes ex< 
traordinarily rapid, the 
u, '*^ increase of one animal- 

- ^ i^\. *'"^* (Paramecium) be- 
V*" ing computed at 268 
Pio. iM—ncprodntiion of ii.hi«ori« (Fortwei- millions in a month. It 

lor) b; Sulou or leu-dlvUlaa. 

is most common in the 
Infusoria ; but ia occasionally exhibited even by the aquat- 
ic and intestinal worms. 
Budding consists, in animals as in plants, in the growth 
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of buds, generally from the exterior of the body, possese- 
ing all the eeseDtial parts of tbo parent stock. The buds 
maj develop into iudividuals complete, but not diBtinct, 
forming, with others like itself, a componnd animal, as 
the Coral ; or the buds may become detached, giving rise 
to perfect independent individualB, as the Hydra (Fig. 
186). The latter mode doBely resembles self - division. 
Barely, as io the Aphis, those Uttle green insects caneing 
" blight," the budding is ioteroal, and so rapid that the 
tenth generation would number one quintillion. Budding 
in the higher animals produces monstrosities, as double- 
heads, double-thumbs, etc. 

Oeneration by Eggs is accomplished by the union of 
two dissimilar cells — a germ-cell, or ovum ; and a sperm- 
cell; the embryo being evolved from the former.'" An 
e^, which is the product of this 
anion, is the lowest possible condi- 
tion of animal life. It is a globular 
mixture of albumen and oil. A 
. freshly laid Hen's e^, boiled hard, 
well exbibits the general structure. 
The ontside shell consists of earthy f.b. iB7.-m^«i Kgg, 
matter Hime) deposited in a net-work orceih », viieiiioe mem- 

. , , bna«: |r,a]ugiaoii>pa1ci 

of animal matter. It is minutely <>. aibmaiaoiu poiei p, 

,, , , ParkliOeui, « genninal, 

porous, to allow the paest^ of vapor vuicie! ii>,wigaerUD,ot . 
and air to and fro. Lining the shell 8'™'"'-'"'^ 
is a double membrane {membrana putaminit) resembling 
delicate tissue-paper. At the larger end, it separates to 
inclose a bubble of air for the use of the chick. Next 
conies the albumen, or " white," in spirally arranged lay- 
ers, within which floats the yolk. The yolk is prevented 
from moving toward either end of the e^ by two twisted 
cords of albumen, called chalaza;"' yet is allowed to rise 
toward one side, the yolk being lighter than the albumen. 
The yolk is composed of oily grannies (about f^ of an 
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inch in diameter), inclosed in & sac, called the vitelline 
membrane, and disposed in concentric lajei-B, like a set of 
vases placed one within the other. That pai-t of the yolk 
which extends from the centre to a wJiite spot {cicattioii- 
la) on the outside can not be liardened, even with the 
most prolonged boiling. Tlie cicatricnla, or enihrjo-spot 
— the part for which all the rest was made — is a thin disk 
of cellnlar strnutnre, in which the new life firet ap|>ears. 
It is alwaj-s on that side which natnrallj turns uppermost, 
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for the yolk can tnm npon its axis; it is, therefore, al- 
ways nearest to the external air and to the Hen's body — 
two necessary conditions for its development. There is 
another reason for this polarity of the egg: the lighter 
and most delicate part of the yolk, the cicatricnla, is col- 
lected where the upper cavity of the animal, inclosing the 
nervous system, is to be ; while the heavy oily portion re- 
mains beneath, where the lower cavity, inclosing the or- 
gans of nutrition, is afterward developed. 

The essential parts of any egg are the germ-cell, or cio- 
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atricala, yolk, and viteUioe membrane. The Bljell and 
albnnien are often wanting. When the albamen is pres- 
ent, it is commonly covered by a membrane only, as in 



Pio. IK.—Kgs of a Sbuk. 

Frogs ; iu Sharks, the envelope is homy ; and in Croco- 
diles it is calcareons, as in Birds. 

The eggs of all animals, in their essentials, are alike in 
kind, bot not in degree. The egg of the Amoeba is a 
mere cell, with a light spot in one part of the contents. 
.The egg of the Hydra differs in having this light spot 
sharply defined, and inclosed in a eac, or germinal vesi- 
cle. In the Ilabbit^B egg, there is another sac, called ger- 
minal dot, inside the germinal vesicle ; while the eggs of 
most of the higher animals show a nttdeolus within tlie 
germinal dot An egg, therefore, closely resembles a cell, 
consisting of an enter and an inner sac and a dot, or a 
series of hollow concentric spheres. 

Tlie size of an e^ depends mainly upon the qnantity 
of yolk it contains ; and this is proportioned to the grade 
of develo))ment which the embryo attains when it leaves 
the ^g."* In tlie eggs of the Star-fishes, Worms, Insects, 
Mollnsks (except the Cuttle-fishes), and Mammals, the yolk 
is very minute and formative, i. e., it is converted into the 
parts of the fntnre embryo. In tlie eggs of Lobsters, 
Crabs, Spiders, Cephalopods, Fishes, Reptiles, and Birds, 
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the yolk 18 large and colored, and cousietB of two parte — 
the formative, or gcrm-yolk, immediately surrounding the 
germinal vesicle ; and the nutritive, or food-yolk, coneti- 
tuting tlio greater part of the inase, by wliich the young 
animal in tlie ^g-life is noariehed. In the latter case, the 
young come foi-th more mature tlian where the food-yolk 
is wanting. 

As to form, e^s are oval or eUiptical, as in Birds and 
Crocodiles; spherical, as in Tai-tles and Wasps ; cylindric- 
al, as in Bees and Flies; or shaped like a hand -barrow, 
with tendiils on the comers, as in the Shark. Tlie e^a 
of some very low forms arc sculptured or covered with 
hairs or prickles. 

Tiie n\imber of e^s variea gi'eatly in different animals, 
as it is in proportion to the risks during development 
Thns, the egga of aquatic tribes, being unprotected by 
the parent, and being largely consumed by many animals, 
are multiplied to prevent extinction. The spawn of a 
single Cod contains millions of eggs ; that of the Oyster, 
300,000. A Queen-bee, during tlie five years of her ex- 
istence, lays about a million eggs. 

Eggs ai-e laid one by one, as by Birds ; or in clusters, as 
by Frogs, Fishes, and most Invertebrates. The spawn of 
the Sea-snails consists of vast numbers of eggs adhering 
together in masses, or in sacs, forming loug strings. 

As a rule, the higher the rank, the more care animals 
take of their eggs and their young, and tlie higher the 
temperature needed for egg-development. In the majori- 
ty of cases, eggi are left to themselves. The fresh-water 
Mussel-shell (Unio) carries them between its gills, and the 
Lobster under its tail. Tlie eggs of many Spiders are 
enveloped in s silken cocoon, which the mother guarda 
with jealous care. Insects, as Flies and Motlis, deposit 
their eggs where the larva, as soon as bom, can procure 
its own food. Most Fishes allow their spawn, or roe, to 
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float in the water ; but a few build a kind of flat nest iit 
the sand or mnd, hovering over the ^gs until they are 
hatched ; while the Acara of the Amazons carries them 
in its moutli. The Amphibians, generaUy, envelop their 
eggs in a gelatinous mass, which they leave to the ele- 
ments; but the female of the Surinam Toad carries hers 
on her back, where tliey are placed by the male. The 
great Amazon - Tnrtles lay their eggs in holes two feet 
deep in the sand ; while the Alligators simply cover theirs 
with a few leaves and sticks. Nearly all Birds build nests, 
those of the Ferchars being most elaborate, as their chicks 
ai-e dependent for a time on the parent'** The yoong of 
Marsupials, as the Kangaroo, which are bora in an ex- 
tremely immature state, are nourished in a ponch outside 
of the body.'" But the embryo of all other Mammals is 
developed witliiii the parent to a more perfect condition 
by means of a special organ, the placenta. It is a gen- 
eral law, that animals receiving in the embryo state the 
longest and most constant parental care ultimately attun 
the highest grade of development. 



CHAPTER XX. 

DEVELOPMENT, 



Derelopment is the evolution of a germ into a com- 
plete organism. The study of the changes within tlie egg 
constitutes the science of Embryology; the transforma- 
tions after the egg-life are called metamorphoses, and in- 
elude growth and repair. 

The process of development is a passage from the gen- 
eral to the special, from the simple to the complex, from 
the homogeneous to the lieterogeneoua, by a series of dif- 
13 
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ferentiations. It brings out first the profonnder dbtinc- 
tiona, &nd afterward those more external. That is, the 
moet essential parts appear first ; e. g., the nervous system 
and skeleton precede the digestive apparatus. And not 
only does development tend to make the several oi^ns of 
an individual more distinct from one another, but also the 
individual itself more distinguished from other individuals 
and from the medium in which it lives. With advancing 
development, the animal, as a rule, acquires a more spe- 
cific, definite form, gains the ability of maintaining a tem- 
perature of its own, and increases in weight and locomo- 
tive power. Life is a tendency to individuality. 

Development of a Hen's Egg. — The first change is 
the segmentation of the formative part of the yolk (germ- 
yolk) by a process of self-division. It separates into two 
spheres, which subdivide into four more, and so on till 
the whole ia broken up into a myriad of cells. These 
cells finally arrange tlicmselves into a layer (called blaeto- 
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derm), lining the vitelline membrane ; and a roimd Ught- 
colored disk in this layer is the germinal spot, or cicatrie- 
ola, already mentioned. This is the first trace of oigan- 
ization. Soon the germinal disk thickens, and splits into 
three layers : ont of the npper one are altimately formed 
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the iDBtruments of thought, seosation, and motioD, or die 
brain, spinal column, muscles, and skin ; in the lower 
originates the digestive system ; while the middle gives 
rise to the blood and the oi^aus of circulation. The next 




phase is the appearance of a faint straight furrow passing 
through the middle of the external lajer, called the^rtm- 
itive stripe, which corresponds to the axis of the future 
body.'" The walls of the furrow gradually rise, and at 
last meet, forming a canal, larger at one end than the 
other, which is filled with & fluid — tlie be^nning of the 
brain and spinal man-ow. Beneath the furrow, a delicate 
cartilaginous thread appears (called notochord) — the rep- 
resentative of the baekbone. At the same time, the mar- 
gin of tlie genu extends farther and farther over the yolk, 
till it completely incloses it. So that now we see two 
cavities — a small one, containing tlie nervons system; 
and a larger one below, for the digestive organs. Pres- 
ently, numerous rows 
of dai'k-yellow corpus- 
cles are seen on the 
middle layer, which 
are subsequently 
closed, forming a net- 
work of capillaries, 
called the vascular area. A dark spot indicates the situ- 
ation of the heart, which is the first distinctly bounded 
cavity of the circulatory system. It is a short tube lying 
lengthwise just behind the head, with a feeble pulsation, 
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causing the blood to flow backward and forward. The 
tube is gradually bent together, until it forms a double 
cavity, resembling the heart of a Fish. On the fourth 
day of incnbatiun, partitions begin to grow, dividing the 
cavities into the right and left aaricles and ventricles. 
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The eeptum between the aiincles is tlie last to be finish- 
ed; being closed tlie iiioinent respiration begins. The 
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blood - ressels ramify in all direutione throngh the yolk, 
making it a spongy miiss, and all pci-form tbe Pftiiie ofKce ; 
it is not till the fonrtli or 
fifth day that ai-teries can 
be distingnished from veins, 
by being thicker and by car- 
rying blood only from the 
heart"* 

Tlw embryo lies with its 
face, or ventral snrface, to- 
ward the yolk, the head atid 
tail curving toward eacli 

other. A delicate trauspar- '""'■ i».-H»mni«ii«B Emhrjn. mtb ■!- 
cnt membrane (a part of the cie. coduidIds tb« laat of tbe joik : i, 
upper layer or tbe blaeto- ^r ih> pi*«nu ■» deniopiDg. (From 
derm) riseB like a hood over ^*°'''' "^^'^•'^•'sJ-'i 
tbe back of the embryo till it forms a closed sac, called 
the amnion. It is filled with a thin liquid, which serves 
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to protect the embryo. Meanwhile, another important or- 
gan is forming on the other side. A portion of the lower, 
or internal, blastodermic layer elongates downward, and 
then upward, Bpreading out over the whole inner Eorface 
of the shell, bo that it BurronndB both embryo and amnion. 
This Ib the aUantoia. It is full of blood -veBsels, and it 
Berves as the respiratory organ until the chick pickB the 
ehell and breathes by its liingB.'" The chorion is the outer- 
most part of the allantois — in other words, the envelope of 
the ovum ; and the placenta of Mammals a the eha^y, 
vascular edge of the chorion. 

The alimentary canal is at first a straight tube closed at 
both ends, the middle being connected with the yolk-bag. 
Afl it grows faster than the body, it is thrown into a spi- 
ral coil ; and at several points it dilates, to form the crop, 
Btomach, gizzard, etc. The mouth ia developed from an 
infolding of the skin. The liver is an outgrowth from 
the digestive tube, at first a cluster of cells, then of folli- 
cles, and finally a true gland. The lungs are developed 
on the third day as minute buds from the tipper part of 
the alimentary canal, or pharynx. As they grow in size, 
they pass from a smooth to a cellular condition. 

The skeleton at the begiiming consists, like the noto- 
chord, of a gelatinons material, which gradually becomes 
condensed and cellnlar, turning to cartilage. Then mi- 
nute canals containing blood-vessels arise, and eartliy mat- 
ter (chiefly phosphate of lime) is deposited between the 
cells. The primary bone thus fonned is compact: true 
osseous tissue, with canaltculi, larhinee, and Haversian ca- 
nals, is the result of subsequent absorption.'" Certain 
bones, as those of the face and cranium, are not preceded 
by cartilage, but by connective tissue : these are called 
membrane bones. Ossification, or bone-making, begins at 
numerous distinct points, called centres; and, theoretical- 
ly, every centre stands for a bone, bo that there are as 
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many bones in a Bkeletoii as centres of oseification. But 
the actual number in the adult animal is maoh smaller, as 
many of the centres coalesce.'** The development of the 
backbone (as, in fact, tbe growth of the whole chick) is 
not from tlie head or from the tail, but from a central 
point midway between: there the fiBt vertebree appear, 
and from thence they multiply forward and backward. 

The limbs appear as buds on the sides of the body ; 
these lengthen and expand eo as to resemble paddles — 
the wings and 1^ looking precisely alike ; and, finally, 
they are divided each into three segments, the last one 
subdividing into di^ts. The feathers are developed from 
the outside cells of the epidermis : first, a homy cone is 
formed, which elongates and spreads out into a vaue, and 
this splits np into barbs and barbules. 

The muscles are formed either by the growth in length 
of a single cell, or by the coalescence of a row of cells : 
the cell-wall thus produces a long tube — the sarcolemma 
of a fibre, and the granular conteuts arrange themselves 
into linear series, to make fibrlllfe."' 

Nervous tissue is derived from the mnUiplication and 
union of embryo-cells. The white fibres at first resemble 
the gray. The brain and spinal marrow are developed 
from the primitive stripe — that pale-white line on the cic- 
atricula, which almost from the beginning is conical, fore- 
shadowing head and tail. Soon the brain, by two con- 
strictions, divides into fore -brain, mid -brain, and hind- 
brain. Tile fore-brain tlirows out two lateral hemispheres 
(cerebrum), and from tliese protrude forward the two ol- 
factory lobes. From the middle - brain grow the optic 
lobes; and the hind-brain, afterward separated into cere- 
bellum and medulla oblongata, is the ori^n of the eaiv 
eacs. 

Modee of Development. — The structure and embry- 
ology of a Heo'a egg exhibit many facts which are com* 
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mon to all aiiimsls. But every grand division of the Ani- 
mal Kingdom hae its characteristic method of developing. 
Protozoans differ from all higher foruis ia not undei^ 
ing Begmentation. 

The ^g of the Sea -anemone, after segmentation, be- 
comes a Bolid pear-ahaped body, covered with cilia. Soon 
one end ia indented ; then the indentation deepens until it 
becomes a cavity, and the edge rolU inward till it extends 
half-way to the bottom. Little ridges are then seen in the 
interior, which finally become so many pailition- walls; 
while minute protuberances around the opening, or nioutlt, 
are the beginnings of the tentacles. There is no dietinc- 
j 17 tion into nervous and di- 

0(% 0\ ^ f^^^'^ regions. The egg 
\^ V/ W of the Oyster divides iji 
two, as if to fonn two in- 
dividuals, but soon two tri- 
angular disks appear, the 
rudiments of shells, and 
the two pulsatins eacs are 

Fio. ITO. — n«T«lr>pmenl of Sck-nnsmnne, , , , 

Mghaj mignifled : 1, Aral naxe iftsr wg- fused together mto One 

mentttloD! tihowj Ihfl beginningof Ihe , — « , , 

dicwiir»c«Tit7:«,ii»«nnpiotion;(»,uii- Qeart itien tliB omoryo 
t«i«,fc,p,niii<,di revolves in the egg, and 

becoming fringed with cilia, it quits the egg, and closes 
the valves, which were wide open. The embryo of an In- 
sect shows from the first a right and left side ; hut the 
first indication tliat it is an Articulate is the development 
of a series of indentations dividing the body into succes- 
Bi\'6 rings, or joints. Next, we observe that the back lies 
near the centre of the egg, the ventral side looking out- 
ward ; I. c, the embryo is doubled upon itself backward. 
And, finally, the appearance of three pairs of legs proves 
that it will be an Insect, rather than a Worm, Crustacean, 
or Spider. 

The Vertebrate embryo lies with its stomach toward 
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the yolk, ravereing the position of tlie Ai-ticniate ; but the 
gi-and characteristic is the primitive stripe, which is Dearly 
confined to the ^^ of Yertebratee. This ib connected 
with another, the setting apart of two distinct regions — 
the nervous and nutritive. Thei-e are thi-ee modifications 
of Vertebrate development : that of Fishes and Amphib- 
ians, that of True Beptiles and Birds, and that of Mam- 
mals. The amnion and allantois are wanting in the aquat- 
ic Vertebrates; while the placenta (which is the allantois 
vitally connected with the parent) is peculiai- to Mammals. 
In Mammals, the whole yolk is segmented ; iu Birds, seg- 
mentation is confined to the small white speck seen iu 
opening the sheU. 

At the outset, all animals, from the Sponge to Man, are 
indistingnishable from one another. They are mainly 
drops of fluid, a little more transparent on one side than 
the other ; and, in alt cases, this almost homogeneous glob- 
ule mnst develop three well-defined parts — a gemniual 
dot, germinal vesicle, and yolk. But while Vertebrates 
and Invertebrates can travel together on tlie same road 
np to this point, here they diverge — never to meet again. 
For every grand group early shows that it lias a peculiar 
type of construction. Every egg is from the first inipi-ess- 
ed with the power of developing in one diiection only, 
and never does it lose its fundamental characters. The 
germ of the Bee is divided into segments, showing that it 
belongs to the Articulates ; the germ of the Lion has the 
primitive stnpe — the mark of the coming Vertebrate. The 
blastodermic layer of the Vertebrate egg rolls up into two 
tubes — one to hold the viscera, the other to contain the 
nervous cord; while that of the Invertebrate egg forms 
only one such tubular division. The features which de- 
termine the Bubkingdom to which an animal belongs are 
first developed, then the characters revealing its class. 

There are differences also in grade of de^'elopment as 
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well as typft For a time there is no esBential difference 
between a Fish and a Mammal : they have the same nerv- 
ous, circulatori', and digestive sjstemB. The first depart- 
ure is the alteration of the heart of the Mammal, giving 
it four cavities ; while the heart of the Fish remains in its 
rudimentary condition. We may call this arrested devel- 
opment There are many snch cases, in which the em* 
bryo of an animal represents the permanent adult condi- 
tion of some lower form. In other words, the higher 
species, in the course of their development, offer like- 
nesses, or analogies, to finished lower species. The hu- 
man germ, at first, can not be distinguished from that of 
any other animal : for aught we can see, it may turn out 
a Frog or a Fliilosopher. The appearance of a primitive 
stripe excludes it at once from all Invertebrates. For a 
time, it assumes a structure seen only in the Fish, and 
then another, found only in Mammals. later still, it is 
not unlike the emhr}'OB of tlie Ox, Dog, and Monkey suc- 
cessively ; then it looks like any other infant, and finally 
it acquires the peculiarities of the race to which it be- 
longs.'" All the members of a group, therefore, do not 
reach the same degree of perfection, some remaining in 
what corresponds to the immature stages of the higher 
animals. Such may be called permanently embryonic 
forms. 

Sometimes an embryo develops an organ in a rudiment- 
ary condition, which is lost or useless in the adult. Thns, 
the Greenland Wlialc, when grown up, lias not a tooth in 
its head, while in the embryo life it has teeth in both jaws; 
unborn Calves have canines and upper incisors; and the 
female Dugong has tusks which never cut the gum. The 
"splint-bones" in tlie Horse's foot are unfinished metatar- 
sals. 

Animals differ widely in the degree of development 
reached at ovulation and at birth. The e^s of Frogs 
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are laid before they can hardly be said to have become 
fully formed as eggs. The ^gs of Bu^ are laid wlieu 
there is scarcely a trace within them of the germinal spot; 
while the e^s of Mammals are retained by the parent 
till after the egg -stage is passed."* Kuminants and ter- 
restrial Birds are bom with the power of sight and loco- 
motion. Most Carnivores, Bodente, and perching Birds 
come into the world blind and helpless ; while the human 
infant is dependent for a much longer time. 

1. Metamorphosis. 
Few animals come foi'th from the egg iu perfect condi- 
tion. The vast majority pass through a great variety of 
forms before reaching maturity. These metamorphoses 
(which are merely periods of growth) are not peculiar to 
Insects, though more apparent in them. Man himself is 
developed on the same general principles as the Butterfly, 
hut the transformations are concealed from view. The 
Coral, when hatched, has six pairs of partitions; after- 
ward, the spaces are divided by six more pairs; then 
twelve intermediate pairs are introduced ; next, twenty- 
fonr, and so on. The embryonic Star -fish has a long 
body, with six arras on a side, from one end of which 
the young Star-flsh is apparently budded off. Soon the 
twelve-armed body dies, and the yonng animal is of age. 
Worms are continnally growing by the addition of new 
segments. Kearly all Insects undergo complete metamor- 
phosis, i, e., exhibit four distinct stages of existence — egg, 
larva, pnpa, and imago. The worm -like larva'** may be 
called a locomotive-egg. It has little resemblance to the 
parent in structure or habits, eating and growing rapidly. 
Then it enter? the pupa state, wrapping itself in a cocoon, 
or ease, and remaining apparently dead till new oigans 
are developed ; when it escapes a perfect winged Insect, 
or imago.'" Wings never exist in the larva; and Insects 
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■which niidergo no apparent metamorphoais, as Lice, are 
wingless. Tlio Grasfibopper develops fi-otn the young lar- 
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va to the winged adult without changing its mode of life: 
the worm-like stage is passed within the e^. In the de- 
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velopment of the common Crab, bo different is the ont- 
wai-d form of the newly hatched embryo from that of tlie 
adult, that the former hae been desoribed as a distinct 
species. 

The most remarkable example of metamorphosis among 
Vertebrates is furnished by tJie Amphibians. A Tadpole 
— the larva of the Frog — has a tail, bnt no legs ; gills, in- 
stead of lungs; a heart precisely like that of the Fish; a 
homy beak for eating vegetable food, and a spiml intes- 
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tine to digest it. As it matnres, the hinder legs show 
themselves, then the front pair; tiie beak falls off; the 
tail and gills waste away ; lungs are created ; the digest- 
ive apparatus is changed to suit an animal diet; the heart 
is altered to the Reptilian type by the addition of another 
auricle ; in fact, skin, muscles, nerves, bones, and blood, 
vessels vanish, being absorbed atom by atom, and a new- 
sot is substituted. Moulting, or the periodical renewal of 
epidermal parts, as the shell of the Lobster, the akin of 
the Toad, the scales of Snakes, the feathera of Birds, and 
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the hair of Mammals, ma; be termed a metamorphoeis. 
The change from milk-teeth to a permanent eet ie another 
example. 

An animal rises in organization as development ad- 
vancee. Thus, a Caterpillar's life has nothing nobler 
about it than the ability to eat, while the Bntterfly ex- 
pends the power garnered up by the larva in a gay and 
busy life. But there are seemiug reversals of this Iaw. 
Some mature animals appear lower in the scale than their 
young. The larval Cirnpede has a pair of magnificent 
compound eyes and complex antennee; when adult, the 
antennee are gone, and the eyes are reduced to a single, 
simple minnte eye-siwt So the germs of the sedentary 
Sponge and Oyster are free and active. The adult ani- 
mal, however, ie always superior in alone possessing the 
power of reproduction. 

2. Alternate Generation, 
Sometimes a metamorphosis extending over several gen- 
erations ie required to evolve the perfect animal ; " in oth- 
er words, the parent finds no resemblance to himself in 
any of his progeny, until he comes down to the great- 
grandson." Thus, the Jelly-fish, or Medusa, lays eggs 
which are hatched into larvee resembling Infusoria — little 
transparent oval bodies covered with cilia, by which they 
swim abont for a time till they find a resting-place. One 
of them, for example, becoming fixed, develops rapidly ; 
it elongates and spreads at the upper end; a month is 
formed opening into a digestive cavity ; and tentacles 
multiply till the mouth is surrounded by them. At this 
stage it resembles a Hydra. Then slight wrinkles appear 
along the body, which grow deeper and deeper, till the 
animal looks like "a pine-cone surmounted by a tuft of 
tentacles ;" and then like a pile of saucers (about a dozen 
in iinniber) with scalloped edges. Next, the pile breaks 
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op into separate Eegments, which are, in fact, so many dis- 
tinct aDiiuals; and each turning over as it is set free, so 
as to bring the mouth below, develops into an adult Me- 
dusa, becoming more and more convex, and furnished 
with tentacles, circular canals, and other organs esactlj 
like those of the progenitor that laid the original egg. 

Here we see a Medusa producing eggs which develop 
into Infusoria-hke larva, and tliese grow into stationary 
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forms resembling Hydras. The Hydras then produce not 
only Medusfe by bndding in the manner described, but 
also other Hydras like themselves by budding and by 
^[gs. All these intermediate forms are transient states 
of the Jelly-fish ; but the metamorphoses can not be said 
to occur in the same individual. White a Caterpillar be- 
comes a Butterfly, this Hydra-like indindual produces a 
nuTnher of Mediiste. Alternate generation is almost con- 
fined to the low Kadiates (Fig. 190> 

3. Orowth and Repair. 

Growth is increase of bulk, as Development is increase 

of structure. It occurs whenever the process of repair 

exceeds that of waste, or when now material is added 

fester than the tiBsaes are destroyed. There is a specific 
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limit of growtli for all animals, althongh many of the low 
cold-blooded forms, as the Ti-out and Anacouda, seem to 
grow as long as they live. After the l>ody has attained 
its maturity, i. c, has fully developed, the tisanes cease to 
grow J and nutrition is concerned solely in supplying the 
constant waste, in order to preserve the size and shape of 
the oi^ns. A child eats to grow and repair; the adult 
eats only to repair.'" Birds develop rapidly, and so spend 
most of their life full - fledged ; while Insects generally, 
Fislies, Keptiles, and Mammals mature at a comparatively 
greater age. The perfect Insect rarely changes its size, 
and takes but little food ; eatiug and growing are almost 
confined to larval life. The crust of the Sea-urchin, 
which is never shed, grows by the addition of matter to 
the margins of the plates. Tlie shell of the Oyster is en- 
larged by tlie deposition of new laminee, each extending 
beyond tlie other. At every enlargement, the interior is 
lined with. a new nacreous layer; so that the number of 
such layers in the oldest pait of the shell indicates the 
number of enlai^ments. When the shell has readied its 
full size, new layera are added to the inner surface only, 
which increases the thickness. It is the margin of the 
mantle which provides for the increase in length and 
breadth; while tlie thickness is derived from the whole 
surface. The edges of tlie concentric laminee are the 
"lines of growth." The Oyster is full-grown in about 
five years. The bones of Fishes and Reptiles are contin- 
ually growing; the long bones of iiigher animals increase 
in length so long as the ends (epiphyses) are separate from 
the shaft The limbs of Man, after birth, grow more rap- 
idly than the trunk. 

The power of regenerating lost parts is greatest where 
the organization is lowest, and while the animal is in the 
young or larval state. It is really a pi-ocess of budding. 
The head of the Hydra, if separated, will reproduce a 
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body and tail ; if the tail is cut off, it will add a bodj 
and head. Certain Worms may be cut into several pieces, 
and eat:h part will regain what ia needed to complete the 
mangled oi^nism. The Star-fish can reproduce its arms: 
the Holothuria, its stomach; the Snail, its tentacles; the 
Lobster, it» claws; the Spider, its legs; the Fish, its fins; 
and the Lizard, its tail. Nature makes uo mistake by put- 
ting on a leg where a tail belongs, or joining an immature 
limb to an adult animal."* In Birds and Mammals, the 
power is limited to the reproduction of certain tissues, as 
shown in the healing of wounds. Very i-arely an entire 
hamaii bone, removed by disease or surgery, has been i-e- 
storcd. The nails and hair continue to grow in extreme 
old age. 

4. Likeness and Yaiiation. 

It is a great law of reproduction that all animals tend 
to resemble their parents. A member of ono class never 
pnxfuces a member of another class. The likeness is very 
accnrate as to general strnclurc and form. But it does 
not descend to eveiy individual feature and tnut In 
other words, the tendency to repetition is qualified by a 
tendency to variation. Like produces like, but not exact- 
ly. The similarity never amounts to identity. So that 
we have two opposing forces — the hereditary tendency to 
copy the original stock, and a distinct tendency to devi- 
ate from it. 

Tiiis is one of the most universal facts in nature. Ev- 
ery development ends in diversity. Every body knows 
that no two individuals of a family, human or brute, are 
absolutely alike. There are always individual differences 
by which they can be distinguished. Evidently a parent 
does not project precisely the same line of influences' upon 
each of its offspiing. 

This variability makes possible an indefinite modifica- 
li 
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tion of the fonns of life. For the Tariation extends to 
the whole being, even to every organ and mental char* 
acteristic as well as to form and color. It is very slight 
from generation to generation ; but it can be accumulated 
by choo»ng from a large number of indi^idnals those 
which posaesB any given variatiou in a marked degree, 
and breeding from these. Nature does this by the very 
gradual process of "natural selection;" Man hastens it, eo 
to speak, by selecting extreme varieties. Hence we have 
in our day remarkable specimens of Poultry, Cattle, and 
Dogs, differing widely from the wild races. 

Sometimes we notice that children resemble, not their 
parents, but their grandparents or remoter ancestors. This 
tendency to revert to an ancestral type is called atavism. 
Occasionally stripes appear on the legs and shoulders of 
the Horse, in imitation of the aboriginal Uorsc, wliich was 
striped like the Zebra. Sheep have a tendency to revert 
to dark colors. 

The laws governing inheritance are nnknown. No one 
can say why one peculiarity is transmitted from father to 
son, and not another; or why it appears in one member 
of the family, and not in all Among the many causes 
which tend to modify animals after birth, are the quality 
and quantity of food, amount of temperature and light, 
pressure of the atmosphere, nature of the soil or water, 
habits of fellow-animals, etc. 

Occasionally animals occur, widely different in struct- 
ui'e, having a very close external resemblance. Bama- 
clea were long mistaken for Shells, Polyzoans for Polyps, 
and Lamprey - eels for Worms. Such forms are homo- 
morphic. Members of one group often pnt on the ont> 
wai-d appearance of allied species in the same locality: 
tliis is called mimicry. " They appear like actors or 
Diasqueradets dressed up and painted for amusement, or 
like swindlers endeavoring to pass themselves off for well- 
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known and respectable membere of Bocietj." Thus, cer- 
taia Butterfliei) on the Amazons have such a etrong odor 
that the Birds let them alone ; and Butterflies of another 
family in the same region hare been fontid disgnising 
themselves for protection by assuming the same form and 
color of wing. So we have bee-like Moths, beetle-like 
Crickets, wasp-like Flies, and ant-like Spiders ; harmless 
and venomous Snakes copying each other, and Orioles de- 
parting from their nsnal gay coloring to imitate the plum- 
a^, flight, and voice of quite another style of Birds. The 
species which are imitated are mnch more abundant tlian 
those which mimic them. There is also a general Iiar- 
mony between tlie <»>lors of an animal and those of its 
habitation. We have the white Polar Bear, the sand-col- 
ored Camel, and the dusky Twilight -motlis. Tliere ai'e 
Birds and Beptiles so tinted and mottled as exactly to 
match the rock, or ground, or bark of a tree they fre- 
qnent; and there are Insects rightly named "Walking- 
sticks" and "Walking-leaves." These coincidences are 
not always accidental, but often intentional on the part 
of nature, for the benefit of tlie imitating species. Gen- 
erally, they wear tlie livery of those tliey live on, or ape 
the forms more favored than themselves. 

5. Bbmoloffy, Analogy, and Corrdaiion. 

The tendency to repetition in the development of ani- 
mals leads to some remarkable affinities. Parts or organs, 
having the like origin and development, and therefore tlie 
same essential structure, whatever their form or function, 
are said to be homologous; while parts or organs ana- 
tomically different, but corresponding in nse, are called 
analogoxts. 

The following are examples of bomoli^ : the ai-ms 
and legs of Man ;"* the upper and lower set of teeth ; 
the parts of the vertebral colnmn, however modified \ the 
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Bcapular and pelvic arches ; the humerus and femtir ; cav- 
pnt) and tarBns; the right and left sides of moet animals; 
tlie dorsal and anal fine of Fishee ; the arms of Man, the 
fore - legs of a Horse, tlie paddles of a Wliale, the wings 
of a Bird, the front flippers of a Turtle, and the pectoral 
fins of a Fisli ; the prolMiBciB of a Moth, and the jaws of a 
Beetle; t)ic shell of a Snail, and both valves of a Clam; 
the follicles of Invertebrates, and the compact liver of 
Vertebrates.'" The wings of tlie Bird, Flying Squirrel, 
and Bat are hardly homologous, since the wing of the first 
is developed from the fore-limb only; that of the Squir- 
rel is an extension of tlie skin between the fore and hind 
limbs; while in the Bat the skin stretches between the 
fingers, and then down the side to tlie tail. The l^s of 
ft Lobster and Lizard ; the wings of a Butterfly and Biid ; 
the gills of a Fish, and the lunge of other Vertebrates, ai'e 
analogous. The air-bladder of a Fisli is homologous with 
a Inng, and analogous to the air-chambers of the Naatilns. 
The wings of Birds and Bats are both bomologons and 
analogous; as likewise the contractile protoplasm of the 
Amoeba, and the muscitlar tissne of the Vertebrate. 

In the midst of the great variety of form and stractnre 
in the animal world, a ceiiain harmony reigns. Not only 
are different species so related as to surest a descent 
from the same ancestor, but the parts of any one organ- 
ism are so closely connected and mutually dependent, that 
the character of one must receive its stamp from the char- 
acters of all the rest. Thus, from a single tooth it may be 
inferred that the animal had a skeleton and spinal cord, 
and that it was a carnivorous hot-blooded MammaL Cer- 
tain structures always co-exist Animals with two occipi- 
tal condyles, and non - nucleated blood -corpuscles, suckle 
their j'oung, i. e., they are Mammals. All Kuminant 
hoofed beasts have horns and eloven-fect. If tlie lioo^ 
are cvon, the horns are even, as in the Oz ; if odd, as in 
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tbc Eliiiioceros, tlie homs are odd, i. e., single, or two 
placed one behind tlie other. Creatures «-itli feathers al- 
ways have beaks. Pigeons with sliort beaks have small 
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feet; and tlioee with long beake, lai^ f^t. The long 
limbs of the Hound ai'e associated with a long head. A 
■wliite Bpot in the forehead of a Horse generally goes with 
white feet Hairless Dogs are deficient in teeth. Long 
'wings usually accompany long tail-feathers. White Cats 
with blue eyes are deaf. A Sheep with numerous horns 
is likely to have long, coarse wool. Homoli^as parts 
tend to vary in the same manner; if one is diseased, an- 
other is more likely to sympathize with it than one not 
homologons. This association of parts is called correla- 
tion of growth. 

6. Eelations of N'umber, Size, 'Form^ and Rank. 

The Animal Kingdom has been likened to a pyramid, 
the species diminishing in number as they ascend in the 
scale of complexity. This is not strictly true. Tlie num- 
ber of living species known is about 400,000, of which 
nearly nineteen-twcntieths are Invertebrates. The Ani- 
malcules (not reckoned in this count) are innumerable. 
But next, the Aiticulates am the most nnmerous, then 
Vertebrates, Mollnsks, and Kadiates. Of Vertebrates, 
Fishes are most abundant; then follow Bird», Mammals, 
and Reptiles. 

The largest species usually belong to the highest classes. 
The aquatic members of a group are generally larger tlian 
the terrestrial, and the marine than the freeh-water. The 
extremes of size are an Infusorium, t^tW f^i ^n inch in di- 
ameter, the smallest animal ever measured, and tlio Whale, 
one hundred feet long, the largest animal ever created. 
The female is frequently larger than the male, as of the 
Nautilus, Spider, and Eagle. The higher the class, the 
more uniform the size. Of all animals, Insects and Birds 
are the most constant in their dimensions. 

Every organism has its own special law of growth : a 
Fish and an Oyster, though bom in the same locality, de- 
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velop into very different forme. Yet a syininetiy of plan 
nndei'Iies tlie structure of all animals. In the embryo, 
this symmetry of the two ends, as well as the two sides, 
is nearly perfect ; bnt it is Biibeeqnently interfered with to 
adapt the animal to its special conditions of life. It is a 
law tliat an aniiiial grows equally in tboee dii-eutions in 
which the incident forces are equal The Crinoid, rooted 
to the rocks, is subjected to like conditions on all ttides, 
and, therefore, it has no right and left, or fore and hind 
parts. Tlie lower forms, generally, are more or less geo- 
metrical figures: sphei'oidal, as the Sea-urchin; radiate, 
as tlie Star-fish; and spiral, as many Foraminifers. The 
higher animals are subjected to a greater variety of con- 
ditions. Thus, a Fish, always going through the water 
bead foreniost, must show considerable difference between 
tlie head and the hinder end ; or a Turtle, moving over 
the ground with the same surface always down, must have 
distinct dorsal and ventral sides. 

Nevertheless, there is a striking likeness between the 
two halves or any two organs situated on opposite sides 
of an axis. And, first, a bilateral symmetry is most con- 
stant It is best exhibited by the Articniates and Verte- 
brates; bnt nearly all aninials can be clearly divided into 
right and left sides — in other words, they appear to be 
double. A vertical plane would divide into two equal 
parts our brain, spinal cord, vertebral colnmn, organs of 
sight, hearing, and smell ; our teeth, jaws, limbs, lungs, 
etc. In fact, the two halves of every egg are identical. 
There are many exceptions ; the heart and liver of the 
higher Vertebrates are eccentric ; the nervous jystein of 
Hollnsks is scattered; tho hemispheres of the human 
brain are sometimes unequal ; tlie corresponding bones in 
the right and left arms are not precisely the same length 
and weight; the Narwhal has an immense tusk on the left 
^ide, witli none to speak of on tho other : Kabbits have 
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been bom witli one ear, and Stags with one Iiorn ; tlie 
Kattlesnake has but one lung ; both ejes of the Flonnder 
and Ilalibnt are on the eame side ; tlie claws of the Lob- 
ster differ; and the valves of the Oyster aro nneqnal. 
But all tlieso animals and their organs are perfectly 8^- 
metrical in the eiHbr)'o state. 

Again, animals exhibit a certain correspondence be- 
tween the fore and hind parts.'" Thus, the two ends of 
the Centipede repeat each other. Indeed, in some "Worms, 
the eyes are developed in tlie last s^ment as well as the 
first. So a Vertebrate may be considered, not only as two 
individuals placed side by side, but also as two individu- 
als put end to end — the head and arms representing one, 
and the legs tlie otlier. In tlie einbrjo of Qnadrnpeds, 
tlie four limbs are closely alike. But in the adult, the 
fore and hind limbs differ more than the right and left 
limbs, because the functions are more dissimilar. An ex- 
treme want of symmetry is seen in Birds wliich combine 
atrial and land locomotion. 

Tiiere is also a tendency to a vertical symmetry, or 
np-aod-down arrangement — tlie part above a horizontal 
plane being a reversed copy of the part below. A good 
example is the posterior lialf of a Cod, while the tail of a 
Shark shows the want of it This symmetry decreases as 
we ascend the scale. In most animals tliere is consider- 
able difference between the dorsal and ventral surfaces; 
and in all the nervous system is more symmetrically dis- 
posed than the digestive. 

Every animal is perfect in its kind and in its place. 
Yet we recognize a gradation of life. Some animals arc 
manifestly superior to some others. But it is not so easy 
to say precisely what shall guide us in assorting living 
forms into high and low. Siiall we make structure the 
criterion of rank? Plainly the simple Jelly-fish is be- 
neath complicated Man. An ounce of muscle is worth ly 

Coot^lc 



DEVELOPMENT. 217 

pound of protoplasm, and s grain of nervous matter is of 
more account than a ton of flesh. Tlie intricate and fin- 
ished huUd of the Horse elevates hiin immeasombly above 
tlie stupid Snail. Tlie repetition of similar pai-ts, as in tlie 
"Worm, is a sign of low life. So also a prolonged posteri- 
or is a mark of inferiority, as the Lobstere are lower than 
the Crabs, Snakes than Lizards, Monkeys than Apes. The 
possession of a head distinct from the region behind it is 
a sign of power. And in proportion as the fore-liinbs are 
used for head purposes, the animal ascends the scale : com- 
pare the Whale, Horse, Cat, Monkey, and Man. 

But shall the Fisli, never rising above the "monotony 
of its daily swim," be allowed to outrank the skillful Beef 
Shall the brainless, sightless, almost heartless Amphioxus, 
a Vertebrate, be allowed to stand nearer to Man than tlie 
Ant! What is the possession of a backbone to intelli- 
gence 1 Ko good reason can be given why wo might not 
be just as intelligent beings if We carried, like the Insect, 
our hearts in our backs and our spinal cords in onr breasts. 
So far as its activity is concerned, the brain may bo as ef- 
fective if spread out like s map as packed into its present 
shape. Even animals of the same type, as Vertebrates, 
can not be ranked according .to complexity. For while 
Mammals, on the whole, are superior to Birds, Birds to 
lieptilcs, and Keptiles to Fishes, they are not so in every 
respect. Man himself is not altogether at the head of 
creation. TVe carry about in our bodies embryonic struct- 
ures. Thus, the embryo Bird has its bones full of mar- 
row as we have all onr life long; bnt afterward they be- 
come hollow air-sacs. So feathers ai-e more complex than 
hairs. That strnctnral affinity and vital dignity are not 
always parallel, may be seen by comparing an Australian 
and an Englishman.'" 

Function is the test of worth. Not mere work, how- 
even for we must consider its quality and scope. An 
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aaimal may be said to be more perfect in proportion as 
its relations to the external world are more varied, pre- 
cise, and fitting. Complexity of organization, variety, and 
amoant of power are secondary to the degiee in which 
the whole oi;ganiBm is adapted to the eircuinstances which 
Eiirrouiid it, and to tlte work which it lias to do. Ascent 
in the animal scale is not a passage from animals with 
simple organs to animals with complex organs, bat from 
simple individuals with organs of complex function to 
complex individuals with organs of simple function: the 
addition as we ascend being not function, bnt of parts to 
discliarge those functions; and the advanti^ gained, not 
another thing done, but the same tiling done better. Ad- 
vance in rank is exhibited, not by the possession of more 
life (for some animalcules are ten times more lively than 
the busiest Man), bnt by the setting apart of more organs 
for special purposes. The higlier the animal, the greater 
the number of parts combining to perform each function. 
The power is increased by this division of labor. The 
most important feature in this specialization is the tend- 
ency to concentrate the ner^ons energy toward the head 
(cephalisation). It increases as we pass from the Oyster 
up to Man. 

As a rule, fixed species are inferior to the free, water 
species to land species, fresh-water animals to marine, arc- 
tic forms fo ti-opical, and the herbivorous to the carniv- 
orous. Precocity is a sign of inferiority : compare the 
chicks of the Hen and the Bobin, a Colt witli a Kitten, 
the comparatively well -developed Caterpillar with the 
footless grub of the Bee. Among Invertebmtea, the male 
is frequently inferior, not only in size, but also in grade 
of organization. Animals having a wide range as to cli- 
mate, altitndc, or depth are commonly inferior to those 
more restricted : Man is a notable exception. 

There is some relation between the duration of life and 
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the eize, Btractnre, and rank of animals. Tertebratee not 
only grow to a greater Bize, but also live longer than In- 
rertebrates. Whales and Etephante are tlie longest lived ; 
and Falcons, Kavens, Parrots, and Geese, Alligators and 
Turtles, and Sharks and Pikes, are said to live a centnry. 
The life of Qiiadrnpeds generally reaches its limit when 
the molar teeth are worn down : those of the Sheep last 
about 15 years ; of the Ox, 20 ; of the Horse, 40 ; of the 
Elephant, 100. IVTany inferior species die as soon as they 
have laid their eggs, just as herbs perish as soon as they 
have flowered. 

7. The Strugglsfor Life. 

Every animal is striving to increase in a geometrical 
ratio. But each lives, if at all, by a struggle -at some 
period of its life. The meekest creatures must fight, or 
die. 

" There is no exception to the rule that every organic 
being naturally increases at so high a rate tliat, if not de- 
stroyed, the earth would soon be covered by the progeny 
of a single pair." If the increase of the human race were 
not checked, there would not be standing -room for the 
descendants of Adam and Eve. A pair of Elephants, the 
slowest breeder of all known animals, would become the 
progenitors, in five centuries, of 15,000,000 of Elephants, 
it death did not interfere. In fifteen years, a pair of 
Birds would increase to 2,000,000,000. Evidently a vast 
namber must perish, and a far greater host of e^s fail 
to mature. Whatever the average number of individuals 
in any country, twice that number must die annually. A 
single Cod, laying millions of eggs, if allowed to have its 
own way, wonld soon pack the ocean. 

Yet, so nicely balanced are tlie forces of nature, the 
average number of each kind remains about the same. 
Tlie total extinction of any one species is exceedingly 
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rare. The number of any given npecicB is not determined 
by llie number of e^p produced, but by its conditions.'" 
Aquatic birds outDiiiiiber the land birds, because their 
food never fails, not because they are more prolific. The 
Fulmar-petrel laya but one e^, yet it la believed to be the 
most numeroiiB bird in the world. 

The main checks to the high rate of increase are : di- 
viate {temperature and moisture), acting directly or indi- 
rectly by reducing food ; and other animalt, either rivals 
requiring the same food and locality, or euemies, for the 
vast majority of animals are carnivorous. Offspring aro 
continually varying from their parents, for better or worse. 
If feebly adapted to the conditions of existence, they will 
finally go to the wall. But those forms Iiaving tiie slight- 
est advantage over others inhabiting the same region, be- 
ing hardier or stronger, more agile or sagacious, will sur- 
vive. Should this advantageous variation become heredi- 
tary and intensified, tlie new variety will gradually extir- 
pate or replace other kinds. This is wliat Mr. Darwin 
means by Katural Selection, and Herbert Spencer by the 
Survival of the Fittest. 
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Facta are «lD|^d tbiafu until brouKtit into conneedoo wlili lome genenJ 
Ivir. — AdAfuiz. 

No maa becomes a proficieut in anj Kiencs oho does not transcend sys- 
tem, and guhet np new truih Tor himself in the boundless field of reseaicb. 
—Dr. a, p. Pieabodt. 

Never ask a qnotlon if jon can belp it; and ncTcr let a thing go ua- 
known for the lack of asking a question itjan can't help it. — Bebcher. 

He is a choroughlj good nntaralist who knoivs his own parish thorougfalf. 

—CllilRI.ES KlNOSUil'. 
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CHAPTER XXI 

THE CLABBIFICATIOII OF ANIMALS. 

The Eiugdom of Natnre is a literal Kingdom. Oi-der 
and beauty, law and dependence, are seen everywhere. 
Amidst the great divereity of the forms of life, there is 
unity; and this Bnggests that there is one general plan, 
but carried ont in a variety of ways. 

Naturalists have ceased to believe that each animal or 
gi-onp is a distinct, circumscribed idea, " Every animal 
hae a something in common with all its fellows: much 
with many of them ; more with a few ; and, usually, so 
much with several, that it differs but little from thera." 
The object of classification is to bring together the like, 
and to separate the unlike. But how shall this be done ? 
To an-ange a library in alphabetical oi-der, or according to 
size, binding, date, or language, would be unsatisfactorj*. 
We must be guided by some internal character. We most 
decide wliether a book is poetry or prose : if poetry, wheth- 
er dramatic, epic, lyric, or satiric; if prose, whether his- 
tory, pliilosophy, theology, philology, science, fiction, or 
essay. The more we subdivide these groups, the more 
difficult tlie analysis. 

A classification of animals founded on external resem- 
blances, as size, color, or adaptation to similar habits of 
life, would bo worthless. It would bring together Fish- 
es and Whales, Bii-ds and Bats, Worms and Eels. Nor 
should it be based on any one character, as tlie quality 
of the blood, structure of the heart, development of the 
brain, embr)'o-life, etc. ; for no character is of equal value 
in every tribe. ^1 natwal clatsification must feat on those 
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prevailing characters which are the moat constant.™ And 
snch a claseificatlon can not be linear. It is impoBsible to 
arrange all animal forms fi-om the Sponge to Man in a 
single line, like the steps of a ladder, according to rank. 
Nature passes in so many ways from one type to anotlier, 
and so multiplied are the relations between animals, that 
one series is out of the question. There is a number of 
sei'ies, and series within series, sometimes proceeding in 
pai-allcl lines, but more often divergent The animals ar- 
range themsclvcg in radiating groups, each group being 
connected, not nith two gronps merely, one above and the 
other below, but with several. Life has been likened to a 
great tree with countless branches spreading widely from 
a common tnmk, and deriving their origin from a com- 
mon root ; branchcB bearing all manner of flowers, every 
fashion of leaves, and all kinds of fruit, and these for ev- 
ery nse. 

The groups into which we are able to east the various 
forms of animal development are very unequal and dis- 
similar. We must remember that a genus, order, or class 
is not of equal value throughout the kingdom. Moreover, 
each division is allied to others in different degrees — the 
distance between any two being the measure of that affin- 
ity. The lines between some are sharp and clear, between 
others indefinite. Like the islands of an archipelago, some 
grou[>s merge into one another through coimecting reefs, 
others are sharply separated by unfathomable seas, yet all 
have one common basis. Links have been found reveal- 
ing a relationship, near or distant, even between animals 
whose forms are very unlike. How different a Fish and 
a Lizai-d I yet there is a strange creature (the Axolotl of 
Mexico) whose organization ia intermediate between the 
two, so that it is difficult to determine to which group it 
belongs. The Slow-worm is a transition between Lizards 
and Snakes ; while the extinct Ichthyosaurus bridges the 
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chaBtn between Crocodiles and Fishes. Birds seetn iso- 
lated ; but in ancient times there were flying Beptiles ; 
while the Omithorhynchus, Kangaroo, and Bat stand on 
the border-line between Mammals and the feathered tribe. 
Even between the grand Tertebrate and Invertebrate di- 
visions there flits a ghost-like form — the Amphioxus, half 
Wonn, half Fish. 

We have, then, groups sabordinate to gronps, and inter- 
locking, but not representing bo many Biiccessive degrees 
of organization. For, as already intimated, complication 
of structure does not rise in continuous gradation from 
one group to another. Every type starts at a lower point 
than that at which the preceding class closes ; eo that the 
linos overlap. While one class, as a whole, is higher than 
another, some members of the higher class may be inferi- 
or to some members of the lower ona Thus, certain Star- 
fishes are nobler than certain MoUnsks; the Nautilus is 
above the Worm, and the Bee is more worthy than the 
lowest Fish. The groups coalesce by their inferior spe- 
cies; «.fr., the Fishes do not graduate into Beptilee through 
their higher forma, bat the two come closest togetlier low 
down in the scale. Man appears to be the goal of crea- 
tion ; but even within the Vertebrate series, every step of 
development, say of the Fish, is away from the goaL The 
highest Fish is the one farthest from Man. 

A number of animals may, tlierefore, have the same 
grade of development, but conform to entirely different 
types. While a fundamental unity underlies the wliole 
Animal Kingdom, suggesting a common starting-point, 
we recognize four or five distinct plana of structnre.'" 
Thus, animals like the Coral, nnlike alt others, have the 
alimentary canal opening into the body -cavity, have no 
separate nervous and vascular regions, and the parts of 
the body radiate from a centre. Such form a subking- 
dom called Ccelenterata. Animals, like the Star-flsh, hav- 
15 
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iiig aleo a radiating body, but a cloeed alimentary canal, 
aod a distiDct, Bymmetrical nervous system, constitute tlie 
subkingdom Echinodermata"' Animals, like the Bnoil, 
with a Boft, nneymmetricat body, well-developed digeetirc 
apparatus, and scattered nervous system, form tlie eub- 
kingdom MoUusca. Animals, like the Bee, with a sym- 
metrical body composed of numerous segments, a nervous 
system consisting of a double chain of ganglia along the 
lower side of the body, and limbs on the same side as this 
nervous cord, form the subkingdom Articulata, Animals, 
like the Ox, haviug a double nervous system, one (the gan- 
glionic) lying on tlie upper side of tlie alimcntaty canal, 
the otlier and main part (spinal) lying along the back, 
and completely shut off from the other organs by a parti- 
tion of bone or gristle, known as the *' vertebral column," 
and having limbs, never more than four, always on the 
side opposite the great nen'ous cord, constitute the sub- 
kingdom Vert^aia. 

Comparing these great divisions, we see that the Yerte- 
brates differ from all the others chiefly in having a double 
body-cavity and a double nervous system, the latter lying 
above the alimentary canal ; while Invertebrates have one 
cavity and one nervous system, the latter being placed 
either below or around the alimentary caual. Tlie Ar- 
ticulate type differs from tlie Molluscan mainly in being 
jointed. The Echinoderms and Ccelenterates ere built on 
the common type of a star ; but they differ from each oth- 
er in the presence or absence of distinct alimentaiy, circu- 
latory, and nervous systems. 

But there are types within types. Thus, there are five 
modifications of the Vertebrate type — Fish, Amphibian, 
Beptile, Bird, and Mammal; and these are again divided 
and subdivided, for Mammals, e. g., differ among them- 
selves. So that in the end we have a constellation of 
groope within groups, founded on peculiar characters of 
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lees and less importance, as we descend from the general 
to the special. 

Indl'ndnals are the units of the Animal Creation. An 
animal existence, complete in all its parts, is an individnal, 
whether separate, as Man, or living in a commanitj, as the 
Coral."* 

Variety : when two or more individnala differ by a sin- 
gle pecnliarity onlj, such as size, color, or ontline, one is 
called a variety of the other ; as the Tsrious races of Men 
and breeds of Cattle. Yarieties are nsnally local. A cross 
between distinct races is called mongrd. 

Bpedes is the smallest gronp of indtTidnals which can 
be defined by several constant characteristics. They are 
so alike, that it is possible for them to have descended 
from one pair; and they alwa^'S trammit to their offspring 
some peculiarity of their organization. A cross between 
two distinct species, as the Horse and Ass, is called a hy- 
brid; as the Mule. 

Genus is a group of species having the same essential 
Btmctnre. Thns, the closely allied species, Cat, Tiger, and 
Lion, belong to one genus. 

Family, or Tribe, is a gronp of genera having a simi- 
lar form. Thus, the Dogs and Foxes belong to different 
genera, but betray a family likenesa. 

Order is a gronp of families, or genera, related to one 
another by a common stmctnre. Cats, Doge, Hyenas, and 
Bears are linked together by important anatomical feat- 
ures; their teeth, stomschs, and claws show carnivorous 
habits. 

Class is a still larger group, compriMng all animals 
which agree simply in a special modification of the type 
to which they belong. Thns, Fishes, Ampliibians, Kep- 
tiles, Birds, and Muumals are so many aspects of the Ver- 
tebrate type. 

Bubldngdom is a primary division of the Animal King- 
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dom, which incsludes &I1 animals formed upon one of the 
four or five types of Btructure ; ae Yertebrate. 

These terms vere invented by Linnfens, except Family 
and Sabkingdom, which were added by Lamarck. To Lin- 
nsens we are also indebted for a scientific method of nam- 
ing animals. Thns, a Dog in Zoology is called Canit 
famUiaris, which is the union of a generic and specific 
name, corresponding to the surname and Christian name 
in George Washington, only the specific name comee last. 
It will be understood that these are abstract terms, ex- 
pressing simply the relations of resemblance : there is no 
such tiling as genus or species. 

Classification is a process of comparison. He is the best 
naturalist who mo^ readily and correctly recognizee like- 
ness fonnded on strnctoral characters. As it is easier to 
detect differences than resemblances, it is mach easier to 
distingaieh the class to which an animal belongs than the 
genuB, and the genus than the species. In passing from 
specios to classes, the characters of agreement become few- 
er and fewer, while the distinctions are more and more 
manifest; so that animals of the same cla^s are more like 
than nnlike, while members of distinct classes are more 
unlike than like. 

To illustrate the method of zoological analysis by search- 
ing for affinities and differences, we will take an example 
sn^ested by Professor Agassiz. Suppose we see tegetlier 
a Dog, a Cat, a Bear, a Horse, a Cow, and a Deer. The 
first feature which strikes us as common to any two of 
them is the horn in the Cow and Deer. But how shall 
we associate either of the others with tliese % We examine 
the teeth, and find those of the D(^, the Cat, and the Bear 
sharp and cutting ; while those of the Cow, the Deer, and 
the Horse have flat surfaces, adapted to grinding and 
chewing, rather than cutting and tearing. We compare 
these features of their structnre with the habits of these 
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snimala, and find that tbe first are carnivorous — that they 
seize and tear their pre; ; while the otben are herbivorous, 
or gradng, animals, living only on vegetable substances, 
which they chew and grind. We compare, further, the 
Horse and Cow, and find that the Horse has front teeth 
both in the npper and tlie lower jaw, white the Cow has 
them only in the lower ; and going still further, and com- 
paring the internal with the external features, we find this 
arrangement of the teeth in direct relation to the differ- 
ent structure of the stomach in the two animals— the Cow 
having a stomach with fonr pouches, while the Horse has 
a simple stomach. Comparing the Cow and Deer, we find 
the digeBtive apparatus the same in both; but though both 
have horns, those of the Cow are hollow, and last through 
life i while those of the Deer are solid, and are shed every 
year. Looking at the feet, we see that the herbivorous 
animals are hoofed ; the carnivorous, clawed. The Cow 
and Deer have cloven feet, and are ruminants ; the Horse 
has a single lioof, and does not chew the cud. The Dog 
and Cat walk on tlie tips of their fingers and toes (digiti- 
grade) ; the Bear treads on the paltns and soles (planti- 
grade). Tlie claws of the Cat are retractile ; those of the 
Dog and Bear are fixed. 

In this way we determine the exact place of each ani- 
mal. The Dog belongs to the kingdom Animalia, sub- 
kingdom Yerlebrata, class Mammalia, order C'arnivora, 
family CanidcB, genus Canis, species Familiaris, variety 
Hound (it may be), and it^ individual name, perhaps, is 
" Rover." The Cat differs in belonging to the family 
Fetidce, genus Felis, species Catua. Tlie Bear belongs to 
the family Wrsida, genus Uvsua, and species Ferox, if the 
Grizzly is meant. Tlie Horse, Cow, and Deer belong to 
the order Ungulata; but the Horse is of the family 
FguidcB, genns Fqiius, species CabaUus / the Cow is of 
the &mily Bovida, genus Bos, species Taurus; the Deer 
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is of the family Cervida, genus Cervua, Bpeoies Yirgini- 
amu, if the common Beer is meant 

The following diagram roughly represents (for the rela- 
tions of animals can not be espreeeed on a plane snr&ce} 
the relative positions of the snbkingdome and claeaea ac- 
cording to affinity and rank. It will be seen that the Yer* 
tobrate, Articulate, and Molluacan types stand at the angles 
of an isosceles triangle. The lowest Worms are simpler 
than the lowest Holluska ; yet Articnlates, on the whole, 
are, perhaps, higher than the Mollnsks : the former hare 
more oatward expression ; the latter, more concentratioD.* 
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ter, in the fiist place," ujs Huxlef, " is to be qnice clear about tbe different 
clasieg, and to bave a distioct ItnoirledRe of all [be shnrply deSnaUe modifi- 
catioDB of aniniid Btmctnre wbicb are dlKemible Jn Iba Animal KiD|d(HD." 
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Subkingdom. — Pbotozoa. 

This diviBioQ was propoeed by Yon Siebold in 1845 to 
contain that vast cloud of microscopic beings on the vei^ 
of the Animal Kingdom whidi could not be received into 
the other subkingdoma. It is artificial and provisional. 
The claBses composing it are not founded on a common 
ty-pcy but are distinguished by the absence ratlier than tho 
presence of positive characters. The time may come wlien 
the microscope will resolve these nebnlse, so that we can 
give tliem a natural classification. Probably some of them 
are transitory stages in the hbtory of higher organisms. 
Many stand parallel to the Protophyte» of the Vegetable 
World, and no definite line can be drawn between them. 

Protozoans agree in being minute, aquatic, and exceed- 
ingly simple in structure, their bodies consisting mainly 
or wholly of the contractile, gelatinous matter called pro- 
toplasm, or Barcode — the first homogeneous substance 
which has the power of controlling chemical and phys- 
ical forces. No traces of nervous or mnscnlar fibres, cir- 
cnlatory or digestive organs have been discovered. Yet 
they lake and assimilate food, grow and mnltiply, which 
are the essential signs of life. The usual methods of re* 
production are self-di^-ision and budding. 

The subkingdom maybe divided into four classes: Ore- 
garinida, lihizopoda. Infusoria, and Spo»gida. The per- 
fectly homc^neous Monera of Haeckel would rank lower 
than the Gr^arinse ; but as they are doubtfully referred 
to the Animal Kingdom, we do not include them. 

Class I. — Oregarlnida. 

The Gregarinre, discovered by Dnfonr in 1828, are the 

simplest animal forme of which we have any knowledge. 

They closely resemble a cell, or microscopic ^g ; the only 

oigan is a nucleus, suspended in extremely mobile grana- 
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lor matter; and tlie most conspicnoos eigns of life are the 
contraction and lengthening of the worm-lite body. They 
feed by absorption, and are all paraeiteB, living in the ali- 




Fio. m.—dngarit 



mentary canal of higher animals ; particularly in the Cock- 
roach and Earth-worm. The name is derired from the 
fact that they occur in large numbers crowded together. 
By some authors they are aseocisted with the parasitic 
Worms. 

Class II. — Rhlzopoda. 
The Ilhizopods are characterized by the power of throw- 
ing out at will delicate procesees of their bodies, called 
paeudopodia, or false feet, for prehension or locomotion. 
They possess no cilia. The repi-eaentative forms are Ajnas- 
bcB, Foraminifera, and Polycystina. 

An Amceba is a naked, fresh-water Khizopod ; an in- 
definite bit of protoplasm, as EtructnreleBS as a speck of 
jelly, save that it is made of 
two distinct layers, and has 
a contractile cavity inside. 
It has no particular form, as 
it changes continually. It 
moves by putting forth short, 
blunt processes, and eats by 
r™. m- jmirta vTinapt, X iM : the Wrapping its body around the 
""""^'""'""'^'P-- particle of food. The size 
ranges from -^ to -^^ of an inch in diameter. Speci- 
mens can be obtained by scraping the mucous matter 
from the stems and leaves in stagnant ponds. 
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A Foraminifer differs from an Amcebft in having au 
apparently simpler body, the protoplasm being without 
layers or cavity ; but it has the property of secreting an 
esvelope, usnally of carbonate of lime. The shell thus 
formed is sometimes of extraordinary complexity and sin- 
gular beauty. It is generally perforated by innnmerable 
minute orifices {foramina) through which the animal pro- 
trudes its myriad of glairy, thread-like arms. Tlie major- 
ity are compound, resembling chambered shells, formed 
by a pi-ocess of budding, each new individual being add- 
ed so as to make a sti-aight series, a spiral, or a flat coiL 



Fid. 181.— Rhiiapodi : a, > nODOthilinioiu. or ■Ing1«-ch>mbered, Fonmtnlftr (Eo- 
gma ifriita) ; b, k poIjlbilimoDK, or nuiD;.ctiimbend, Foramlulftir {PolyttmiMa 
tritpa, with pteudopodlft eilended) : e, ■ BadlolulaD, oue ot the Fo1;cjillDe< 

As a rule, tlie many-cliambered species have calcareous, 
perforated shells; and the one-chambered have an imper- 
forated membranous, porcetanous, or arenaceoas envel- 
ope. The former are marine. There are few parts of tlie 
ocean where these microscopic sbelb do not occur, and in 
astounding numbers. A single ounce of sand from the 
Antilles was calculated to contain over three millions. 
Their remains constitute a great proportion of the so- 
called sand-banks which block np many harbors. Yet they 
are the descendants of an ancestry still more prolific ; for 
the chalk- cliffs of England, the building -stone of Parity 
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and the blocks in the Pyramids of Egypt &re largely oom- 
posed of extinct Foraminif era. 

A Folycystine differs from a Forsmimfer in secreting 
a eiliceooB, instead of a calcaieooB, ahell, studded with 
spines; and the central part of the body is made np of 
many cells, and surrounded by a strong membrane. While 
Foraminifers live mostly at the bottom of the sea, Polycys- 
tines generally float on the surface. They are also more 
minute, but as widely difFused. They enter lately into 
the formation of some strata of the earth's crust, and 
abound especially in the rocks of Barbados and at Bich- 
mond, Va. 

Class IIL— inftasoria. 
This unassorted groop of living particles derived its 
name from the fact that they 
were first discovered in vegeta- 
ble infusions. Every drop of a 
stagnant pool is crowded with 
them. They are all single and 
microscopic, 
Pifl.i8S.-Ac.™poQnd Mould J^t of vftrions 
iv^ia), X 1000. sizes, the differ- 

ence between the smatleat and largest 
being greater than the difference be- 
tween a Mouse and an Elephant Some 
are fixed (as VorticeUa) ; but the major- 
ity are free, and constantly in motion, 
propelled by countless cilia, as a galley 
by its oars. The delicate body consists 
of unoreaiiized sarcode (i. e., there are „ 

„ ° , , ; ', , , Pin. 18a.-Inriuorlnm 

no cellular tissues, but the whole body (.ParamietimaimtUh 

1 ,,, , , X BOO; m,moDth; ■, 

represents a single cell), covered by a cantntcmoTaiichMj*, 
membrane, or skin, and containing a ""Eieiu. 
semi-fluid substance, a contractile cavity, and aevnal 
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graoules. On one side is a slight depression, or "mouth," 
leading to a short, funnel-shaped throat A moath and a 
rndimentaiy digestive cavity are the distinctive features 
of these Protozoans. They maltiply so rapidly (chiefly 
by self- division), that a Paramecium, the most common 
form, may become the parent of 1,364,000 in 42 days. 

There are two main groups : FlageUata, or Monads, 
provided with one op two flagella, or long bristle - like 
cilia ; and OUiata, which are fDmished with numerons 
vibratile cilia. 

Class IY. — Spongida. 
An ordinary Sponge is a compound animal, or, more 
properly, an aggregated colony of individual cells, sup- 
ported on a skeleton of homy fibres, which are so nnited 
as to form a net-work of tubes. The essential pait is the 
glairy, gelatinous substance investdug this elastic frame- 
work. It consists of myriads of monthlesa, sarcode bodies, 
which in some respects resemble Amcebee, but approach 




the flagellate Infusoria in being nniciliated, and the Hy- 
drozoa in having t^ro layers of cells iu the body-wall, aiid 
in producing true e^p. While in other Protozoa aggre- 
gation is a result of growth, and the parts are not mutual- 
ly dependent, in Sponges the parts work for the life of the 
whole, giving the maas a kind of individuality. Differen- 
ce ("n^lc 
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tiation a carried to a Higher d^^ree, as ve find ectoderm 
and endodenn, fibrous tiesae, ciliated tracts, and a canal- 
Bj-Btem for circolation. 

When freshl; taken from its element, a Sponge is liard 
and glistening on the outside, and strongly lesembles a 
piece of lirer. While living, constant currents of water 
issue from the large orifices, fed by smaller streams enter- 
ing bj the minnte pores, the currents being caosed bj cilia 



Fio. ISB.— Homy Skeleton of ■ SpoDp. 

lining the passages. So tliat " the Sponge represents a 
kind of subaqueous citj, where the people are arranged 
about the streets and roads, in snch a manner that each 
can easily appropriate his food from the water as it passes 
along." The apertures, or "gates," can be closed at the 
will of the animal. 

A few species are wholly gelatinous, having no skele- 
ton ; some are calcareous, aping the Corals ; many are 
entirely siliceous, resembling spun glass, as the beautiful 
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Yenns flower-basket {Suplectella); but the majority liave 
a fibrooB, Lomy ekeleton, which in eome forms is strength* 
ened by siliceonfl needles {spioula). Excepting a few small 
fresh-water species (as Spongilla), Sponges are marine. In 
the former, the golatinons part is greenish ; in the latter, it 
is brown, red, or purple. In preparing the sponge of com- 
merce, this is rotted by espoeui-e, and washed out The 
best hshing-gronnds are the eastern end of the Mediter- 
ranean and around the Bahama Islands. 

Subkingdom. — Qelenteoata. 
These radiate animals are distinguished by having a 
distinct body-cavity, the walls of it consisting of two lay- 
ers of cellulai' tissue, an outer {ectoderm) and inner {endo' 
deitn) ; and thread cells, which are miimte sacs contain- 
ing a fluid, and connected with barbed filaments capable 
of being thrown out for stiuging purposes. Most are pro- 
vided with hollow tentacles around the mouth. All are 
aquatic, and nearly all are marine. There are two classes 
represented by the Hydrs and Sea-anemone, Both repro- 
duce by budding and by eggs ; but in the former the eggs 
are developed from tho exterior of the body, while in the 
latter they are internal. 

Class I. — Hydrozoa. 

These Coelenteratcs have no separate digestive eac, so 
that the body is a simple tube, or cavity, into which the 
month opens. A nervous system is not apparent. Snch 
are the fresh -water Hydra and the oceanic Jelly-fish 
{AcdUph or Medusa). 

The body of the Hydra is tubular, soft, and sensitive, 
of a greenish or reddish color, and seldom over half an 
inch long. It is found spontaneously attached by one 
end to submerged plants, while the free end contains 
the orifice, or mouth, crowned with tentacles, by which 
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the creature feeds and 
creeps. Cloeelj related 
to the Hydra are the 
compound Sertnlarians, 
often mistaken for del- 
icate sea -weeds. The 
commonest species on 
our Atlantic coast {D}f- 
namena) is of a pale- 
yellow color, and hangs 
in fringes from sea- 
weeds, shells, and rocks. 
The ordinary Acaleph 
has a soft, gelatinous, 
semi - transparent, bell- 

, shaped body, with tubes 
radiating from the cen- 

where they are connected 



tral cavity to the circumference, 
by a circular canal, 
and with the margin 
fringed with stinging 
tentacles. The radia- 
ting parts are in multi- 
plea of four. Around 
the rim arc minute 
colored spots, called 
" eye - specks," sup- 
posed to be the earli- 
est indications of the 
organs of sight. In ■ 
fine weather, these 
" sea-bliibbcre" are 
seen floating on the 
sea, month downward, 

moving about by flap- Fio. lS1.-SartDl>ria enmlns ni 
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Fia. IM.— Jallr-Aih (AuriUa iwrita), with ;onDg Id 
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ping their sides, like the opening and sbntting of an nm- 
brclla, with great regularity. They are frequently phoa- 
_ phorescent when disturbed. Some 

are quite small, resembling little 
glass hells ; the common Aurelia is 
over a foot in diameter when full 
grown ; while the Cyanea, the giant 
among Jelly-fishes, sometimes meas- 
ures five feet, with tentacles forty 
feet long. When dried, nothing is 
left but a film of membrane weigh- 
ing only a few grains. 

There are two representative types : 
the Lucenmria, the Umbrella-acaleph, 
Iiaving a short pedicel on tlie back 
for attachment; tentacles disposed in 
eight groups around the margin, the 
eight points alternating witli the four partitions of the 
body-cavity and tlie four coi-ners of tlie mouth ; not less 
than eight radiating ca- 
nals, and no membra- 
nous veil. The common 
species on the Atlantic 
shore, generally found 
attached to eel-grass, is 
an inch in diameter, of 
a green color. Disco- 
phoray the ordinary Jel- 
ly-fish, ia free and oceanic. It differs from the Lucemaria 
in its usually larger size and solid disk, four radiating ca- 
nals, which ramify and open into a circular vessel, and a 
" veil," or ghelf, ^waya running around the month of the 
disk,'" 



Fio. IM. — Liutroaria aarieiiia lUacbed to a 
piece of eea-weed ; nitaral >[■«. Ttia on* 
»n Ibe ligbt 1> abaora*!, hurlng a dIdUi 

tuft orieDUcle<. 
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Class II. — Antliozoa. 
These marine animals, wliich by their gay tentacles con- 
vert tlie bed of the ocean into a flower-garden, or by their 
eecre^oDs bnild up coral-islands, 
have a body like a ronnd gelat- 
inous bag. One end, the base, 
is nsnally attached ; the other 
has the month in the centre, 
snrronoded by nnmerous hoi-, 
low tentacles, which are cov- 
ered with nettling lasso - cells. 
This npper edge is turned in 
so as to form a sac within a „ 

,„ , , , , , Pia. l»a.-HDrt»ont»l BecUon of Ac- 

sac, hke the neck of a bottle tlnl* tbrongh the itomacb, ibOiT- 
-, .. • 1 • mi ■ log Mpta and compuUncnu, 

turned outside m. The inner 

one, which is the digestive cavity, does not reach the bot- 
tom, but opens into the general body-cavity. The space 
between these two concentric tubes is divided by a seriea 
of vertical partitions, some of which extend from the 
body-wall to the digestive sac, but others fall short of it 
Instead, therefore, of 
the radiating tubes of 
tlie Acaleph, there are 
nidiating spaces. No 
members of this c-lase 
are microscopic. All are 
long ■ lived compared 
with the Ilj'drozoa, liv- 
ing for several years. 

1. Soft-bodied Pol- 
yps. — The best-known 
representative of this 
croup is the^c^mia.or 

Pia. lSt.-ActlDli eipanded, aeeu from sboTe, S t i j 

■howiug moiitb. bea-anemone. itleadsa 

16 
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single life, and is capable of a slow locomotion. Mnscalar 
fibres nm around the body, and others cross these at right 
angles. The tentacles, whioh often 
number over 200, and the partitions, 
which are in reality double, are in 
multiples of six. At night or when 
alarmed, the tentacles are drawn in, 
and the aperture firmly closed, so 
that the animal looks like a round- 
ed lump of fleshy substance plaster- 
ed on the rock. It feeds on Cmbs 
and Mollnsks. It abounds on ev- 
ery shore, especially of tropical seas. 
The size varies from one-eighth of 




The Ctenophora (as the Pleura- 
brachia. Cesium, and Beroe) likewise secrete no hard de- 
posit. They are transparent and gelatinous, swimming 
on the ocean by means of eight 
bands of comb-like fringes, which 
work like paddles. The body is 
not contractiie as in the Jelly- 
fishes. They are considered the 
highest of Coelcnterates, having a 
complex nutritive apparatus and 
a definite nervous system. 

2, Coral Polyps.— The majori- 
ty of Anthozoa secrete a calcare- 
ous or homy framework called 
" coi-al." With few exceptions, 
they are fixed and composite, liv- 
ing in colonies formed by a con- Fio-im.— orEBn-pipcconUTVH- 

.. nil' mi > wramuMcs). ludlin Ocsia. 

tinuous process of bnddmg. Their 

Btructnres take a variety of shapes: often dome-like, but 

more frequently imitating shrubbery and clusters of leaves. 
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The membere of a coral cominnnity are organically con- 
nected ; each feeds himself, yet is not independent of the 
rest. We can speak of the individual Corals, a, b, c, bnt 
we mxist write them down abc. The coinponnd maaa is 
" like a living sheet of animal matter, fed and nonriehed 
by namerouB months and as many etomacbs." life and 
death go on together, the old Polyps dying below as new 
ones are developed above. The living part of an Aatrvea 
is only half an inch thick. The growth of the branching 
Madrepore is abont three inches a year. The prevailing 
color of tlie Coral Polyps is green; and the usual size 
varies from that of a pin's head to half an inch, but the 
Mushroom-coral (which is a single individual) may be a 
foot in diameter. 

Corals ai'e of two kinds: those deposited within the tis- 
snea of the animal (ad^odermic), and those secreted by 
the enter surface at the foot of the Polyp {gclerobasio). 
The Polyps producing the former are Actinoid, resem- 
bling the Actinia in structure."* The skeleton of a single 
Polyp (called corallite. Fig. 95) is a copy of the animal, 
except the stomach and tentacles, the earthy matter being 
secreted within the enter wall and between each pair of 
partitions. So that a coralHte is a short tube with vertical 
septa radiating toward the centre."' A sclerobasic coral 
is a true exoekeleton, and is distinguished by being smooth 
and solid. The Polyps, having eight fringed tentacles, are 
situated on the outside of this -as a common axis, and are 
connected together by the fleshy coenosarc covering the 
coral. 

(1) Bokrodenoio Corals. — Astrcsa IS a hemispherical mass 
covered with large cells. Meandrina, or " Brain-coral," 
is also globnlar; but the mouths of the Polyps open into 
each other, forming furrows. Fungia, or "Muahroom- 
coral," is disk-shaped, and differs from other kinds in be- 
ing the secretion of a single gigantic Polyp, and in not 
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Flfl. IVT. — Madrepttra atpera, UtId^ aud ex|uiDded ; njilDTil slie. PadflL 

being fixed. Madrepore is neatl; branched with pointed 
extremities, each ending in a small cell aboat a line in 
diameter. Porites, or " Sponge-coral," is also branching, 
but the ends are blunt, and the siirfaoe comparatively 



Fin. IW.— CCcnoiM) wAlnota, or "Hnabroom-coral :" 
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Fn. IM.— ilMr(M}nIItila; natiinl aiie. Peejee IsliDdi^ 

amootli. Tubipora, or " Organ - pipe coral," consists of 
amooth red tubes connected at intervals b; cross plates. 



Via. fM.—Dipioria embri/Brmit, ur " Bnin-car*] :" one-tulf Dilaral elie. BcnnnilMh 

Codt^lc 
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The Attrtta, Meandrina, Madrepore, and Poritea are 
the chief reef - forming corals. They will not live in 
waters the mean temperature of which is below 6S° 



Fis. soa.— Cull or Madraporc Ctnl, 

magotlled. Thecnp-llke dcjires- Fm. MS FnipiieBtDrited CunlfOmt- 

lioD nt tbe top otx tonl iImI*- liiim rubnim), (hDwins lining corui 
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Fahr., nor at greater depth than twenty fathoiUB. Tlie 
most luxuriant reefs are in the Central and Weetem 
Pacific and aronnd the West Indies. 

(2) Solerobasia Corals. — CoroUium rubrum, the precions 
coral of commerce, is shrub-like, about a foot high, BoUd 
throughout, taking a high polish, fiiiel; grooved on the 



Fib. ««.— SM-rUn {OargimUj tui Seu-peu iPtanalula). 

Burface, and of a crimBoa or roee-red color. In the living 
state the branches are covered with a red ccenosarc stud- 
ded with Poly[«. Gorgonia, or " Sea-fan," differs from 
all the other representative forms in having a homy axis 
covered with calcareous spicules. The branches arise in 
the same vertical plane, and unite into a beautiful net- 
work. 

Snbkingdom EoniKODERUATA. 
The E^hinoderms, as Star-fishes and Sea-urchins, are dia> 
tingaished by the poaseesion of a distinct nervous syBtent 
(a ring aronnd the mouth); an alimentary canal, complete- 
ly shut off from the body-cavity, and having both oral and 
anal apertures ; a peculiar system of circular and radiat- 
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ing eanale,and a ejmmetrical arrangeineDt of all the parts 
of the body around a central axia in multiplea of five."' 



Fia. tOS.'-Formi at Ecblaoitrmt, trom RadiaU to AddhIom tjpa. 

There are four principal classes, all exclusively marine 
and solitary, and all having the power of seeretJug more 
or less calcareous matter. 

Class I. — Crinoidea. 
The Crinoida, or " Sea-lilies," are fixed to the pea-bottom 
by means of a hollow, jointed, flexible stem. On the top 
of the stem is the body proper, resembling a bnd or ex- 
panded flower, containing the digestive apparatus, with 
the surrounding arms, or tentacles. The mouth looks up- 
ward. There is a complete internal skeleton for strength 
and support, the entire animal, body, arms, and stem, con- 
sisting of thousands of stellate pieces connected together 
by irritable matter. Crinoids were very abundant in the 
old geologic seas, and many limestone strata were created 
ont of their remains. They are now nearly extinct: dredg- 
ing in the deep parts of tlie Caribbean Sea and Atlantic 
Ocean has brought to light two or three living representa- 
tives. 
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Fio. Wa—A livlug Criauld {PeiUacrlnv aUtria): uue-fuurtli uuiuril lit^ Ww| 
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Class II, — Asteroidea. 
Ordinary Star-fisliea consist of & flat central disk, with 
five or more armB, or lobee, radiating from it, and con- 
taining branches of the viscera. The skeleton is leathery, 
hardened by small calcareons plates (11,000 by calcula- 
tion), but somewhat flexible. The mouth is below; and 
the rays are fnrrowed andemeath, and pierced with nu- 
merous holes, tlirough which pass the sticker-like tenta- 
cles — the oi^ns of locomotion and prehension. The red 
spots at the ends of the rays are supposed to be eyes. The 
usual color of Star-fishes is yellow, orange, or red. They 
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Fia. MS.— QpAfooma Rimti, u Ophlan; natnni )1ia. Wnl IndlML 

abound on every ehore, and are often seen at low tide half 
buried in the sand, or slowly gliding over the rocks. CJold 
fresh water i» instaut death to them. They have the pow- 
er of reproducing lost parts to a high degree. They are 
■very voracious, and are the worst enemies of the Oyster. 

About 150 species are known. These may be divided 
into three gronpe : (1) species having four rows of feet, 
represented by the common five -fingered Asterias; (2) 
species having two rows of feet, as the many-rayed Solas- 
ter, or "Sun-fish," and the- pentagonal Ooniaeter; (3) 
species having long slender arms, which are not prolon- 
gations of the body, and are not provided with suckers, 
as the Opkiura, or " Brittle - stai-," and Astrophyton, or 
" Basket-fish." The last are of inferior rank, and resem- 
ble inverted stemlesB Crinoids. The digestive sac is con* 
fined to the dish ; and the madreporic plate is nnderueath. 
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Glass IIL — Eohlnoldea. 
The Sea-nrchiD is encased in a thin hollow ehell cov- 
ered with spines, and varying in shape from a sphere to 
a disk.'" The month is underneath, and contains a dental 
apparatus more complicated than that of any other creat- 
ure from the Sponge to Man. It leads to a digestive ttibc, 
which extends spirally to the summit of the body. The 
spines are for burrowing and locomotion, and are moved 
by small mnscles, 
each being articu- 
lated by ball-and- 
socket joint to a 
distinct tubercle. 
When stripped of 
its spines, the shell 
(or " test") b seen 
to be formed of a 
multitude of pen- 
tagonal plates, fit- 
ted together ■ like 
a m»Baic."' Five 
donble rows of 
plates, passing 
frotn pole to pole, 
like the ribs of a melon, alternate with five other double 
rows. In one set, called the ambulacra, the plates are 
perforated for the protrusion of tubular feet, or suckers, 
as in the Star-fish. So that altogether there are twenty 
series of plates — ten ambulacral, and ten interambula- 
cral. The shell is not cast, but grows by the enlargement 
of each individual plate, and the addition of new ones 
around the mouth and the opposite pole. Every part of 
an Echinus, even sections of the spines, show the princi- 
ple of radiation. If the arms of a Starfish were turned 
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backward bo as to meet, we would Iisre a very close imi' 
tatioD of a Sea-urchin, the ventral surface cori'eBpondiiig 
to the ambulacral areas. Echini live near the shore, in 
rocky holes or nnder sea-weed. They are leas active than 
Star-fohes, but, like them, feed on Shells and Crabs. They 
reproduce by minute red eggs. 

Regular Echini, as the common CidarU, are nearly 
globular, and the oral and anal openings are opposite. 
Irregular Echini, as the Ctypeaster, are flat, and the anal 
orifice is near the mai^n. 

Class IY. — Holothnroidea, 
These worm-like " Searings/' as they are called, have a 
soft elongated body, with a tough contractile ekin contain- 
ing scattered granules. One end, the head, is abruptly 
terminated, and has a simple aperture for a month, encir- 
cled with feathery tentacles. There are five longitudinal 



Fiu. Slit.— Hcu-hIdei (f/crfcUuria). 

rows of ambulacra] suckers, b'nt only one is used for lo- 
comotion. The mouth opens into a pharynx leading to 
a long intestinal canal. Holothurians have the singular 
power of ejecting all their internal organs, surviving for 
some time the loss of these essential parts, and afterward 
reproducing them. They occur on nearly every coast, 
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especially in tropical waters, where they sometimes attain 
the length of three or four feet. As found on the beach 
after a storm, or when the tide is otit, they are leathery 
lumps, of a reddish, brownish, or yellowish color. They 
may be likened to a Sea-nrchin devoid of a shell, and 
long drawn ont, with the axis horizontal, instead of vei^ 
tical. 

Subkingdom Mollcsca. 

A Mollosk is a soft- bodied animal, without internal 
skeleton, and withoot joints, covered with a moist, sensi- 
tive, contractile skin, whidi loosely envelope the creature, 
like a mantle. In some cases the skin is naked ; bnt gen- 
erally it is protected by a calcareous covering (shell). The 
length of the body is less in proportion to its bulk than in 
other animi&ls. The lower classes have no distinct head. 
The nervous system consists, in the true MoUoske, of three 
well-developed pairs of ganglia, wliiub are principally con- 
centrated around the entrance to the alimentary canal, 
forming a ring around the throat. The other ganglia are, 
in most cases, scattered irregularly tlirough the body, and 
in such the body is nnsymmetrical. The digestive system 
is greatly developed, especially the liver, as in most aquat- 
ic animals. Except in the Cephalopods, the muscles are 
attached to the skin. Only the higher Mollusks have a 
distinct heart (auricle and ventricle), and this is always on 
the arterial side. While in neighboring gronpe, as Fora- 
minifers, Corals, Star-fislies, and Articulates, we find repe- 
titions of similar parts, in Mollusks every part or organ is 
single. The total number'of living species probably ex- 
ceeds 20,000. The great majority are water - breathers, 
and marine; some are flnviatile or lacustrine; and a few 
are terrestrial air-breathers. All bivalves, and nearly all 
univalves, are aquatio Each zone of depth in the sea has 
its particular species. 
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There are six clasBes of MolluBks. Of these, tlie first 
tliree form a group by themselves, called MoUitscoidea, 
dietinguished by having only one or two nervona ganglia, 
an imperfect cii-cnlatory apparatus, and generally no or- 
gans for pi-ehension and locomotion. Of the other three, 
Lamellibranchs are headless, while Gasteropoda and Ceph- 
alopoda only have a distinct head, and an apparatus for 



Clabs I. — Polyzoa. 
These minnte MoUuska resemble the Polyps in appear- 
ance, living in clnaters, each individnal inhabiting a del- 
icate cell, or tube, and having a simple mouth surrounded 
with ciliated tentacles. The colony often takes a plant- 
like form; sometimes spreads, like fair^-chains or lace- 
work, over other bodies ; or covers rocks and eea-weeds in 



patches with a delicate film. The majority secrete carbo- 
Date of lime. Though an extremely low form of the Mol- 
Inscan type, a Polyzoaa shows its superiority to the Coral, 
which it imitates, in possessing a dbtinct alimentary canal 
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and a well-defined nervous eysteni. The celts of a group 
never have connection with a common tube, as in Coelen- 
teratee. There are both marine and freeh-water Bpeeiee. 

Class II. — Tmiloata. 
The Tunicates are either single or compoand, and are 
found in alt seas. The most common form (the Bolitar; 
Ascidiana) are inclosed in a leathery, clastic bag, one end 
of which is fastened to the rocks, while the other has two 
orifices, for the inlet and exit of a cnrrent of water for 
nutrition and respiration. Tlie; are without head, feet, 
arms, or shell. Indeed, few animals seem more helpless 
and apathetic than these ap- 
parently shapeless beings. 
The tubular heart exhibits 
the curious phenomenon of 
reversing its action at brief 
intervals, so that the blood 
oscillates backward and for- 
ward in the same vessels, as 
was supposed to be the case 
Fio. ii!.-ad AMidiu. jn the human system before 

the time of Harvey. Another peculiarity is the presence 
of cellulose in the skin. While the Ascidians are fixed 
and single, the Salpians are free, and alternately single 
and social. They are nsnally seen swimming in long 
chains (the offspring of one individual). Each member of 
this colony produces solitary young, which are unlike their 
parents, and these again give birth to a^regated forms. 

Class III. — Braohiopoda. 

These Mollnsks have a bivalve shell, the valves being 

applied to the dorsal and ventral sides of the, body. The 

valves are unequal, the ventral being usually larger, and 

more convex; but they are symmetrical, i. «., a vertical 
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line let fall from the hinge divides the sliell into two 
eqnal parts. The ventral valve has, in the great major- 
ity, a prominent beak, perforated by a foramen, or hole, 
throngh which a fleshy foot protrudes to attach tlie ani- 
mal to submarine rocba. The valves are opened and shnt 
by means of mnseles, and in some cases they are hinged, 
having teeth and sockets 
near the beak. The mouth 
faces tlie middle of the 



margin opposite the beak ; ^^^ jM._iK,„ri v.iv. of . B«ci.iop<,d 

and on cither side of it is i,Tertbratvia). showing. Id deKBDdlag 

order, cjtrdlail proceBP, d«Dta1 BockCLs, 

a long fringed " arm," gen- hingB-pimo, Mptum, sod iwp unppon- 

,1 .1 , . Ine tbe dilated imu. 

eraily coiled tip, and sup- 
ported by a bony frame-work. The animal, having no 
gills, respires cither by the arms or the mantle. Braclii- 
opods were once very abnndant, over 2000 extinct species 
having been described; but less than a hundred species 
are now living.'" They are all marine, and fixed ; but of 
all MoUusks, they enjoy the gi-eatest range of climate and 
depth. 

Cubs IY.— LameUlbranohiata. 
Larncllibranchs are all ordinary bivalves, as the Oyster 
and Clam. The sheila diifer from those of Brachiopods 
in being placed on tlie riglit and left sides of tlie body, so 
that the hinge is on the back of the animal, and in being 
anequilateral and eqnivalved."* The nmbo answers to the 
17 .- , 
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beak, but it is not perforated. It is the point from which 
the growth of the valve commences. Both Brachiopods 
and Lamellibraachs are headless; but in the latter, tlie 
_ month points tJie same way as the nmbo, 

I i. e., toward the anterior part. The 
length of the shell is measured from its 
I anterior to its posterior margin, and its 
breadth from the dorsal side where tlie 
hinge is to the opposite, or ventral, edge. 
Fia.iis.~p«ri Oftttt The valvcs are united to tlie animal by 
Araji ™"fbnniin^. One muscle (as in the Oyster), or two 
nniiiK. C6jic.lL (-j^g jjj jjjg ciaujj^ and to each otlier by 
a hinge. In some species, as the Fresh -water Mnssclj 
the hinge is simply an clastic ligament, 
passing on the oatside from one valve 
to tlie other just behind the beak, so 
that it is on the stretch when the valves 
are closed, and another placed between 
the edges of the valves, so that it is 
squeezed as they shut, like the spring in 
a watch-case. Such bivalves are said to 
be edentulous. But in the majority, as 
the' Clam, the valves also articulate by 
interlocking parts called Ueih. The rm. nt.— Siu-wiitr 
valves are, therefore, opened by the iiJdui), aomUc 
ligaments, and closed by the muscles, "*"* 
The mai^n of the shell on which the ligament and teeth 
are situated is teimod the hiiige-line. 

Lamellibranchs breathe by four plate-like gills (whence 
the name), two on each side underneath the mantle (Fig. 
78). In the higlicr forms, the mantle is rolled up into 
two tubes, or siphons, for the inhalation and exhalation of 
water. They feed on infusorial particles Altered from the 
water. A few are fixed, the Oyster, e. g., habitually lying 
on its left valve, and the Salt-water Mn^sol lianging to the 

Coot^lc 



roclcB by a, cord of tlireads called " byssas ;" but the rest 
have a " foot," by which they creep about. Unlike the 
Oyster, alBO, the majority live in an erect position, resting 



Fia. Ill Lamelllbraacta (Jfoclni): a,r.W! t. e, rL|iUuDi. 

on the edges of their shells. Over 4000 living species are 
known. Tlicse are fresh -water and marine, and range 
from the shore to a depth of a thousand feet. 

The chief charactei-s for distinguishing Lamellibranchs 
are the muscular impressions,'" whether one or two ; the 
presence of & palhal sinus, which indicates tlie possession 
of siphons ; the stmctiire of the hiuge ; and tlie symmetry 
of the valves, 

Tlie following are the leading types of strnctiire : 

1. Mantle open ; no siphon-tubes, and therefore no pal- 
lial sinus ; one muscular impression ; foot wanting, or veiy 
small; shell iineqnivalve and edentulous : as the Oyster 
((!>s(r«o),ScaIIop(Pec^cn), and Pearl 

Oyster {Aviculay 

2. Mantle open in front,and closed 
behind, except one small aperture; 
no pallial sinns ; two muscular im- 
pressions ; foot large ; shell eqni- 
valve ; as the Sea Mussel {Mytilus), 
and Fresh-water Clam ( Unid). 

8. Mantle havincr throe openings ; Fio.8is.-cwiii«{QirdiBm™h 

, . ° . iatum): one-lhlrd Mlariii 

tnbes wAntmg, or very short; no t\a. chiiu>eu. 

Google 



260 COMPARATIVE ZOOLOGY, 

pallial sinas ; two mnecular impressions : as " the giant of 
the bivalve race" {Tridaone) and Cockle {Cardium)."' 

4. Mantle, with three openings; siphons large; pallial 
sinus and muBcular impressions well marked: aa tbo com- 
mon Clam (F«nw«),'** and the burrowing Razor -shell 
{Solen). 

Glass Y.^— Qaoteropoda, 
The Snails are, with rare exceptions, all univalves."* 
The body is coiled up in a conical shell, which is usnallj 
spiral, the whorls passing obliquely (and generally from 
right to left)'" around a central axis, or "columella." 
When the columella is hollow (perforated), the end is 
called the "ambilicns." When the whorls are coiled 
around the axis in the same plane, we have a discoidal 



Tut, SID.— Wbclk (Buacbntm), BhovlDg opcrcnlnm, «, and ilphoo, t. 

shell, as the PlanorbU. The mouth, or "aperture," of 
the shell ia "entire" in most vegetable-feeding Snula, and 
notched or produced into a canal for the siphons in the 
carnivorous species. The former are geneially land and 
fresh - water forms, and ttie latter all marine. In some 
Gasteropoda, as the River - snails, a liorujr or calcareous 
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plate {qperoidum) is secreted on the foot, which closes tlie 
aperture when the animal withdraws into its shell. In 
locomotion, the shell is csriied with the spex directed 
backward. 

Tlie body of moat Gaeteropods is nnsymmetrical, the 
oi^ns not being in pairs, bnt single, and on one side, 
instead of central The mantle is continnons ronnd the 
body, not bilobed, as in Lamellibranclis. A few, as the 
common GardeD-snail, liave a lung ; but the vast majotity 
breathe by gills. The head is more or less distinct, and 
provided with two tentacles, with auditory sacs at their 
bases ; two eyes, which are often on stalks ; and a strap- 
like tongne covered with minute teeth. The heai-t is situ- 
ated, in the majority, on tlie right side of the back. All, 
except the Pteropods, move by means of a ventral disk, or 
foot. 

Qasteropods are now the reigning MoUusks, comprising 
three-fourths of all the living species, and are the types of 
the Bubkingdom. They have an extraordinary range in 
latitude, altitude, and depth. 

Omitting a few rare and aberrant forms,'" we may sep- 
arate the class into the following orders : - 

1. Pteropods. — These are small, marine, floating Mol- 
Itisks, whose main organs of motion resemble a p^r of 
wings or flna coming out of the neck, 
whence the common name, " Sea-but- 
terflies." Many have a delicate, trans- 
parent shell. The head has six ap- 
pendages, armed with several hun- 
dred thousand microscopic suckers — 
a prehensile apparatus unequaled in ^la. m.-i. Ptewptrf (By 
complication. Pteropods occur in ■o^.wtoiMte). Aii«.ue. 
every latitude, but generally in mid -ocean, and in the 
arctic regions are the food of Whales and Sea-birds. 

2. Opisthobranche. — These low Qasteropods are, for the 
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most part, naked Sea -slugs, a few only Laving a small 
shell. The feathety gills are behind the heart (whence 
the name). They are found in all seas from the arctic to 
the toriid, generally on rocky coaets. 
When disturbed, most of them draw 
tliemselces up into a lump of jelly 




B. SK — Bvlla afupat- 
la, or" Bubble-then :" 

thres-roartba Diinr&l 
■In. Indlui OOMS. 

or tongh skin. Examples : Sca-lcmon {I}oris), tho beauti- 
ful Tritonia, the painted ^olis, the Sea-hare {Aply»ia), 
which discharges a purple fluid, and the Bubble - shell 
(BuUa). 

3. Pidmonates. — These air-breathing Gasteropods, rep- 
resented by the familiar Snail, ha\'e the simplest form of 
lung — a cavity lined with a delicate net-work of blood- 
vessels, which opens externally on the right side of the 
neck. This entrance is closed by a valve, to slint out the 
water in the aquatic tribes, and the hot, dry air of summer 
days in tlie land species. Tliey are all fond of moisture, 
and are more or less slimy. Their shells are lighter (being 
thinner, and containing lees earthy matter) than Uiose of 
marine Mollueks, having to be carried on tho back with- 
out the support of the water. Their eggs are laid singly; 
while the eggs of other orders are laid in cliains. 

They ai-e found in all zones, but most numerous where 
lime and moisture abound. All feed on vegetable matter. 
A few are naked, as the Slug ; some are ten-estrial ; others 
live in fresh water. The Land-snails, represented by the 
common Helix, the gigantic BuUtntis, and the Slug(Zt- 
max), arc distinguished by their four " horns," the short 
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front pair being tlio true tentacles, and tbe long hinder 
pair being the eye-etiimps. They have a eaw-like npper 



Fio. Its. — J, Lond-t 

jaw for biting leaves, and a short tongue covered with 
minute teeth. The Fond-snailB, as LimncEa and Planor- 
bisy differ in having no eye-stalks, the 
eyes being at the base of the tentacles. 
They are obliged to coTne frequently to 
the surface of the water to bi-cathe. 

4. Prosohranc?i8.~'^he&B are aquatic 
Gafiteropods, breathing by gills situated 
in front of the heart They are the 
most highly organized and tlte most 
abundant of the crawling Mollnsks. 
Nearly all are marine, and all have a 

'*'"^"- iw; on.-li«lf nworal 

Among the lower forms are the sin- •'»* onUnt. 
gular Chiton, covered with eight shelly plates; Limpet 
{Patella), -<f:fi\\ known to every sea- side visitor; and the 
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Fis. ttT. — Spindle- Fio. tSS. — COHli rn^ or 

tbeWiPuituaitia): " Helin«l->liell i" one-ftinrtlk 

flic. CeyloD. 



Fio. nt^-^nipr^hcll 



D«tDn>] alie. JndlinOcwn. one- hair ni 

liie. China H 



Pifl. !30.— Cone-i 
luitaiBl (lie. t 



Fio, KL— CAflon iTiia- Fin. sat-iViiliiie ( t 
moitu; on»-h«lf n«tii- mMfna); one-hull 

nl Bli«. Veal ludlu. nnl ilia. Weat Ii 
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beautiful Ear-shell {Saliotis), freqaently used for oma- 
mente and inlaid-work. 

In tlie higher Frosobranchs, the gills are comb-shaped 
and the eexes are distinct. The gronp includes all tlie 
spiral nnivalve sea-ahetls, and a few fresh-water eliells. 
Han; have the aperture entire, which is closed with an 
operculum: as the dull -colored Paludina and Melania 
from fresh water, and the pvramidal Trockue, pearly 
Tui^, screw-like TurriteUa, common Periwinkle (/.it 
torina), and globular Natica from the sea. Otiiers, the 
highest of the race, have the margin of tlie aperture notch- 
ed or produced into a canal, and are carnivorous and ma- 
rine: such are nearly all the eea- shells, remarkable for 
their beautiful forms, enameled surfaces, and brilliant 
tints, as the Cowiy {Cypnxa), Volute, Olive, Cone, Harp, 
Whelk {Bnccinum), Cameo -shell {Cassis), Bock -shell 
{Murex), Trumpet- shell {Triton), Spindle-sliell {Fusus), 
and Wing-shell {Stromhts). 

Class VI. — Cephalopoda. 

The Cephalopods stand at the head of the subkingdom, 
some of them outranking the highest Articulates; but they 
are not so typical as the Gasteropoda. The head is set ofE 
from the body by a slight constriction, and furnished with 
a pair of large, stanng eyes, a mouth armed with a rasp- 
ing tongue and a parrot-like beak, and eight or more ten- 
tacles or arms. The body is symmeti-ical, and wrapped in 
a muscular mantle. 

The nervous system is more concentrated than id other 
Invertebrates; the cerebral ganglia are even inclosed in 
a cartilaginous craninm. AH the five senses are present. 
The class is entirely marine (breathing by plnme-like gills 
on the sides of tlie body), and carnivorous. The naked 
species are found in every sea. Those with chambered 
shells (as Kautil'my Ammonite, and Orthoceras) were once 
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very abnodant : more than 2000 fossil species are known, 
bnt only one living repi-esentative — tJifl Pearly Nautilus. 

1. Tetrabrancha. — This order is characterized by the 
possession of four gills, forty or more short tentacles, and ■ 
an external, chambered shell. The partitions, or septa, of 
the shell are united by a tube called " siphuncle," and the 
aoimal lives in the last and lai-gest chamber."* The living 
Nautilus has a smooth, pearly shell, a head retractile with- 
in the mantle or " hood," and calcareons mandibles well 
fitted for masticating Crabs, on which it feeds. This strag- 



P10.IS8.— Pearly NanUlua, withibell blucted; oim-hilf nataril ilu. TndUn OcMl). 

gler of a mighty race dwells in the deep pai-ts of the 
Indian Ocean, crawling on the bottom; and while the 
shell is well known, only two or three specimens of the 
animal have ever been obtained. 

2. Dihrancha. — These are the most active of Molhisks, 
and the tyrants of the lower tribes. Among tliem are 
tlie largest of invertebrate animals. They are naked, 
having no external shell covering the body, but usual- 
ly a horny or calcareous part within. They have a 
distinct head, prominent eyes, horny mandibles, eight or 
ten arms fiimislied with suckers,'** two gills, a com- 
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plete tubular fuonel, and an 
ink-bag containing a pe- 
cuKar fluid (sepia), of iD- 
tenee blackness, with which 
tho water is darkened to fa- 
cilitate escape. Tliey have 
the power of changing color, 
like the Chameleon. They 
crawl with their arms ou 
the bottom of the aea, head 
downward, and also Ewirn 
backward or forward, nsual- 
ly with the back downward, 
by means of fins, or squirt 
themselves backward by for- 
cing water forward through 
tlieir breathing funnels. 
The Paper Nautilus (Ar- 
F.o.m-cuuie-fl.h(*^.,iW««/i.)= ffonauta) &Tidt\ifiPou\pe{Oe- 
oDeuith dmucaI iiie. AUutic camu. iopi«) have eight arms. The 
female Argonaut secretes a thin, unchambored shell for 
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carrying its eggs. The Squid (Loligo) and Cuttle-fish 
{Sepia) bave ten arms, the additional pair being mnch 
longer than the others. Their eyea are movable, while 
thoBe of the Argonaut and Poulpe are fixed. The Squid, 
BO much need for bait by cod-fi6hermcn, haa an internal 
horny " pen," and the Cattle has a spongy - calcareous 
"bone." The extinct Bdemnite had a similar strncture. 

Snbkinedom Abticulata. 

This is larger than all the other subkingdoma put to- 
gether, as it includes the jointed animals, such as Worms, 
Crabs, and Insects. These differ widely from the Mol- 
Inscan type in having a symmetrical form, and in showing 
a repetition of similar parts, not only in the shelly exterior, 
but equally among the internal organs. 

The skeleton is outside, and consists of ai-ticulated seg- 
ments or rings. The limbs, when present, are likewise 
jointed and liollow. The jaws move from side to side. 
The nervous system consists mainly of a donble chain of 
ganglia running along the ventral surface of the body 
under the alimentary canal. The brain is in the form of 
a ring encircling tlie gullet. Tlie alimentary canal and 
the eireulatory apparatus are nearly straight tubes lying 
lengthwise — the one through the centre, and the other 
along the back. Tliere is a remarkable correspondence, 
especially in tlie lower forms, between the joints of tlie 
body and tlie ganglia of the nervous cord, the respiratory 
organs and the chambers of the doi-sal heart. Each ring 
of a Worm has a complete circulatory, i-cspiratory, and 
nervous apparatus."* 

As we advance from the lowest forms (Worms), in 
which the body is elongated, the rings nnmerons, the 
skin soft, and the legs imperfect, we shall find the rings 
fewer, the skin firmer, and the legs more elaborately 
formed, as in the Centipede ; till in the Bee, Spider, and 
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Crab, we see an iDcreaBing consolidatiOQ of the exoskele- 
ton, and moi-e perfect limbs, and a tendency to concen- 
trate the body in front, and tliin out behind. Along with 
these progreasive steps, we notice the mnsciilar powers be- 
coming more energetic, and the tiervons ganglia condens- 
ing into larger inasees. 

The subkingdom is divided into five classes : the aquat- 
ic "Worms and Crustaceans, and the air-breathing Spiders, 
Mjriapods, and Insects.'" The various forms of articulate 
life arise from the imeqnal development of the body-seg- 
meuta and variation id the number and form of append- 
ages. 

Class I. — jUmellda. 

The Annelids, or Worms, are distinguished from all 
otlier Articulates by the absence of hollow articulated 



Fio. MI.— Uulae Worm (CimKuliia <7rrinJfi], nlth eztcndsd cirri. AtlutiC 



ARTICULATA. 271 

limbs, and b; the fact that no one part of the bod; is 
highly honored above the rest. The body is soft, and 
compOBed of a snceession of rings (from 20 to 500), which 
are repetitions of each other. The first segment, called 
the head, differs little from the rest. The legs, when ex- 
isting, are merely hnnches of stiort, stifE bristles {seta), 
each terminating in a hook or blade. Many of the sea- 
worms have tentacles. Tonch is probably the only sense. 



Fin. ua. — Ruilfer, or 

■ ■ Wbecl-au loiiJeiile " 
,t, {Hydatiw); hleblj' 

mtgnlfled. * 

The blood is often reddisli, bnt seldom coutains corpus- 
cles. Strange to say, the circulatoiy apparatus is closed, 
and more highly developed than in Insects. They are 
mostly marine, and carnivorous. 

There are three representative orders : 1. The low and 
abnormal Annuloida, which are without joints or setse, 
and are mainly parasitic, as the Tape -worm {Tania), 
Hair-worra (Oordiacea), and Trichina.'" 2. The Ahran- 
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ehiates, which breathe by the skin. The majority are 
fresh-water, as the Leech {SanguUuga) and Earth-worm 
{Lumbricus). 3. The SranckiateB, whose organs of res- 
piration are toft-like gills on the back or head. Sach are 
the sea-worms Arenieola, Nereis, and Serpida. 

The liotifen, or " Wheel - anitnalcnles,'* are minute 
aqnatio Articalates, whose exact position is doabtful, hav- 
ing some of the featores of both Worms and Crnstaoeans. 
They resemble Infusoria externally, but have a complete 
alimentary canal and well-developed nervous system. At 
the head is a disk furnished with cilia for locomotion and 
prehension, and at the otlier end is a pair of "toes," which 
act like forcejis. None are over ^j- of an inch long. 

Class II. — Onutaoea. 

This class inclades all Articulates having jointed I^ 
and gills.'" Among them are tho largest, strongest, and 
most voracious of the subkingdom, armed with powerful 
claws and a hard cuirass bristling with spines. Although 
constrnctcd on a common type, Crustaceans exhibit a 
wonderful diversity of external fonn: contrast, for exam- 
ple, a Barnacle and a Crab. Wo will select the Lobster 
as illustrative of the entire group. 

Every Crustacean consists of twenty -one segments, of 
which seven belong to the head, seven to the tliorax, and 
seven to the abdomen.'" In the Lobster, however, as in 
all tlie higher forms, tlie joints of tlie head and thorax 
are welded together into a single crust, called the cephalo- 
thorax. On the front of tliis sliield is a pointed process, 
or rostrum/ and attached to the last joint of the abdo- 
men (the so-called "tail") is the sole repi-escntative of a 
tail — the tdson. This skeleton is a mixture of chitino 
and calcareous matter, and corresponds to onr epiderm- 
is."* 

On the under-side of the body we find nnmerous i^ 
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pend^es, feelere, jaws, claws, and lega bene&th the ceph- 
alo-thorax, and flat ewimiiferets under the abdomen. In 
fact, aB a rule, every segment carriee a pair of movable 
appendages. The seven segments of the bead are com- 
pressed into a very small space, yet have the following 
members: the eye-stalks; tlie short and long autennee; 
the mandibles, or jaws, 
between which the 
month opens ; the two "* 
pairs of niaxillfe ; and 
a pair of modified ^ 
limbs, called *' foot- 
jaws," The thorax , 
carries two more paire 
of foot-jaws, and five 
pairs of legs. The 
foremost legs, "the j, 
great claws," are ex- 
traordinarily devel- 
oped, and terminated * 
by strong pincers 
(ehelce). Of the four 

slender pairs succeed- i 

ing, two are famished t 

with claws, and two 

are pomiea. xne lasi water Lnhntwt^rWoeiujdirfnHKD: B,amp.ilr 

pair of SWimmeretS, to- "^ «"lnin": *. ttc.-«4 pair: «. bt»: 4 «nd1. 

• ' rniT tnherden; r. fiot-Jiiwt; /, )i, lint anil anti 

gether with the telson, p«lroflhoriic1cleg«i *,hlu>UdomlnK]IMti i, 

form the candal fin — 

the main instniment of locomotion ; the others (called 
"false feet") are used by the female for carrying her eggs. 
The eyes are raised on stalks bo as to be movable (since 
the head is fixed to the thorax), and are compound, made 
up of about 2500 square facets. At the base of each 
small antenna is a minute sac, whose mouth is guarded by 
18 .-, , 
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haire : tliis is the orgati of hearing,'" The gillfl, twenty on 
a Bide, are situated at the bases of tlie legs and inclosed 
in two chambers, iiito which water is freely admitted, 
in fact, drawn hy means of a curious valve at the outlet 
which works like the " screw " of a propeller. The heart 
is a single oval cavity, and drives arterial blood — a dusky 
fluid full of corpuscles. The alimentary canal consists of 
a short gullet, a gizzard-like stomach, and a straight intes- 
tine. 

Grnstaoeans pass through a series of strange metamor- 
phoses before reaching their adult form. They also peri- 
odically cast the shell, or molt, every part of the int^a- 
ment being renewed ; and another remarkable endowment 
is the spontaneous rejection of limbs and their complete 
restoration. Many species arc found in fresh water, but 
the class is essentially marine and camivorons. 

No natural classificatiou of this varied group has been 
discovered. It will be convenient to divide it into four 
orders : r 

1. Cirripeds, distinguished by being fixed, by having a 
shelly covering, and by their feathery arms (cirri). Such 
are Barnacles (Zepas) and Acom-shells {Salan-ug),ao com- 
mon on rocks and timbers by the sea-shore. 

2. Sntomostra^ns, which agree in having a horny shell 
and no abdominal limbs; represented by the little Water- 
fleas {Cydopa) of our ponds, the King-crabs {LiTnidtts), 
abounding on every sea-coast, and the extinct Trilobites. 
The abdomen of the Sing -crab is reduced to a mere 
spine, the appeud^es about the mouth are used for loco- 
motion, and the eyes are smooth. 

8. Tetradecapods, small, fourteen-footed species ; as the 
Wood-louse, or Sow-bug {Oniacua), so common in damp 
places, and the Sand-flea {Gammanu), seen by the sea- 
side in summer. 

4. Decapods, having t«n legs, as the Shrimp {Oran- 
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Fio. W.— BuuBCle*, HI PedaoCDlste Cliripedei (Ltpoa anaHfiru). 

jron), Cray-fish and Lobster (4»ftK««), and Crab (Cancer). 
Crabs difiEer from Lobstera chiefly in being formed for 
creeping at the bottom of the sea instead of swimming, 
and in the reduction of the abdomen or " tail " to a mere 
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rudiment which folds into a groove nndor the enormous 
thorax. The; are the higheet and largest of Cnistaceatis : 
the; have been found at Japan measnn'ng ten feet be- 
tween the tips of the claws. 



Fia. MS.— liubiler (ffamanu AtmrUamU)- 



Fio. na — SwImmiDg Crnb. 
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Class IIL — Araolmlda. 

The Arachnids are cloaely related to the Crnetaceane, 
having the body divided into a cephalo-thorax and abdo- 
men.'" To the former are attached eight legB of sev- 
en jointa each ; the latter has no locomotive appendages. 
The head carries two, six, or eight ejes, smooth and sessile 
(t. e., not faceted and stalked, as in the Lobster), and ap- 
proacliing the eye of the Vertebrates in the completeness 
and perfection of their apparatns. The antemue, if pres- 
ent, are only two, and these are not " feelers," but modi- 
fied to serve for the prehension of food. They are all air- 
breathers, having spiracles which open either into wr-sacs 
or tracheee. The young of the higher forms undergo no 
metamorphosis after leaving the egg. 

Arachnids number nearly -6000 species. The typical 
forms are divided into three groups : 

1. Acarina, represented by the Mites and Ticks. They 
have an oval or rounded body, without any marked artic- 
alations, the head, thorax, and abdomen being apparently 
merged into one. They have no brain, only a single gan- 
glion lodged in the abdomen. 
They breathe by tracheaj. 
The mouth is formed for 
suction, and they are goner- ^^^ ^ _^ j,,^ ,o™«te.Virfita<i* 

ally parasitic. The Mites mm), one orihe lowwl Anchnld.; 

{Acarm) are among the low- 
est of Articulates. The body is soft and minnte. The 
Ticks {Ixodes) have a leathery skin, and are sometimes 
half an inch long. The mouUi is furnished with a beak 
for piercing the animal it infests. 

2. Pedipalpi, or Scorpions, characterized by very large 
majtillary palpi ending in forceps, and a prolonged, joint- 
ed abdomen. The nervous and circulatory systems are 
more highly organized than those of Spiders; but the 
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long, tail-like abdomen and the abnormal jaws place them 
in a lower rank. The abdomeo consists of twelve seg- 
ments : the anterior half is as large as the thorax, with no 
well-marked division between ; the other part is comparft- 
tively slender, and ends in a hooked sting, which is perfo- 
rated by a tube leading to a poison-sac. Tlie antennte are 
transformed into email, nipping claws, and the eyes gen- 



Fio. lEl Scoiploa {nLdsr^nrru*} ind CsDUpida. 

erally nnmber six. Bespiration is carried on by fonr pairs 
of pulmonary sacs which open on the under -surface of 
the abdomen. The heart is a strorg artery, extending 
along the middle of the back, and divided into eight sepa- 
rate chambers. Scorpions are confined to the warm-tem- 
perate and tropical regions, usually lurking in dark, damp 
places. 

The Harvest-men (Phalanffium), f reqnently seen abont 
oar houses, belong to this order. They have a short, thick 
body and extremely long legs, and breathe by trachese. 

8. Araneina, or Spiders. They are diBtingiiished by 
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their Boft, Dnjointed abdomen, eepsrated from the thorax 
by a narrow constrivtioD, and provided at the posterior 
end with two or three pairs of appendages, called " spin* 
nerets," which ore considered homologons with the legs. 
The office of the spinnerets is to reel out the silk from tlie 
silk-gUads, the tip being perforated by a myriad of little 



tnbes, throng which ^e silk eeeapes in excessively fine 
threads. An ordinary thread, just visible to the naked 
eye, is the nnion of a thousand or more of thoee delicate 
Btreams of Bilk.'" These primary threads are drawn out 
and anited by the hind 1^. 

The mandibles are vertical, and end in a powerful hook, 
in the end of which opens a dnct from a poison-gland in 
the head. The maxillte, or " palpi," which in Scorpions 
are changed to formidable claws, in Spiders resemble the 
thoracic feet, and are often mistaken for a fifth pair. The 
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brain is of larger size, and the whole nerrons Bystem more 

concentrated tlian in the preceding order. There are gen- 

■ J erally eight simple ejea, rarely six. They 

breathe both by trachea and Inng-like eacs, 

from two to fonr in number, sitnated under 

the abdomen. All the epecies are camivo- 

rooa. 

Fra.«a.-epiaDin^ The iostincta of Spiders are of a high 

V°*XK oi^er. They are, perhaps, the most wily 

"K»^ of Articnlates. They display remarkable 

skill and industry in the construction of their webs ; and 

some species (called "Mason Spiders") even excavate a 

subterranean pit, line it with their silken tapestry, and 

close the entrance with a lid which moves upon a hinge.'" 

Class IV. — Myriapoda. 

Myriapods differ from Crustaceans and Spiders in hav- 
ing the thorax merged in the abdomen, while the head 
is free. In other words, the body is divided into similar 
segments, so that thorax and abdomen are scarcely distin- 
guishable. They resemble Worms in form and in the 
simplicity of their nervous and circulatory systems; bnt 
the skin is stiffened witli chitine, and the legs (indeiinite 
in number) are articulated. The legs resemble those of 
Insects, and the head appendages follow each other in the 
same order as in Insects — eyes, antennee, mandibles, max- 
illee, and palpi. They breathe by trachece, and have two 
antennee and a variable number of eyee. 

There are two orders : 

1. Chiloffnatha,htLv'mg a cylindrical body, each s^ment 
famished with two paire of legs. They are of slow loco- 
motion, harmlcBS, and vegetarian. Tlie Thonsand-le^iecl 
"Worm (Jvlus) is a common representative. 

2. Chilopoda, characterized by having a flattened body 
composed of about twenty segments, each carrying one 
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pair of legs, of which the hindermoet ib converted into' 
epiues. They hare longer antennee than the preceding, 
and the month ie armed with two formidable fangs con- - 
nected with poisonous glands. They are camivorouB and 
active. Such is the Centipede {Sootopendra). 

Class T, — Insaota. 

Insects are distinguished by having head, thorax, and 
abdomen distinct, three pairs of jointed legs, one pair of 
antennse, and generally two pairs of wings. The nnmber 
of segments in tlie body never exceeds twenty. The head, 
apparently one, is formed by the union of seven pieces. 
The thorax consists of tliree, the prothorax, meaothorax, 
and metathoraaCy each bearing a pair of 1^ ; the wings, if 
present, originate from the last two s^^ents. The abdo- 
men is normally composed of nine segments, more or less 
movable npon one another. The skin is hardened with 
cbitine, and to it, as in all Articulates, the muscles are at- 
tached. The organs of sense are confined to the cephalic 
division of the body, the motor organs to the thoracic, and 
tlie vegetative to the abdominal. All tlie appendages are 
hollow. 

The antennte are inserted between or in front of the 
eyes. There is a great variety of forms, bnt all are tubn- 
Isr and jointed. They are snpposed to be organs of tonch, 
and also seem to be sensitive to sound. The eyes are 
usnally componnd, composed of a large number of hexago- 
nal cornese, or facets (from fifty in the Ant to many thon- 
sands in the winged Insects). They are never placed on 
movable pillars as the Lobster's. Besides these, there are 
three simple eyes, called oc^i. The month may be fit- 
ted for biting {maaticatory), as in Beetles, or for sucking 
(s^ictoriaC), as in Bnttei'flies. The masticatory type, which 
is the more complete, and of which the other is but a mod- 
ification, consists of fonr homy jaws {mandibles and rnox- 
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'Ula) and an apper and an nnder lip {labrum and labium). 
Seneitive palpi (max- 
Ulary and labial) are 
developed from the 
lower jaw and lower 
lip. The labinm is 
also prolonged into s 
liguloy or tongue. 

The le^ are in- 
variably six in the 
adult, the fore-1^ 
directed forward and 
the hinder pairs back- 
ward. Each conBists 
of a hip, thigh, abank, 
and foot.™ The lar- 
TGB have also "false 
lege,** without joints, 
on the abdomen,npon 
which they chiefly 
rely in locomotion. 
The wingB are ex- 
pansions of the cmst 
stretched over a net- 
work of homy tnbes. 
The venation, or ar- 
. „ , ., raneement of these 

Fio. SB*.— UndBMorboe of ■ BmUb (HflrpolBI soli- " 

ff<nonH):o,llgDl«: 6,pi»r«Blo»*Bi cBOpportsot tobeS (Called 1)61714 

mr lobe ofmiiimii; g.aaut lobe; A, niumitrT and VeinUtS), partlC- 

J;J'°™'«?^ilrAa.a,^'^ ^ilarly in the fore- 

nam of pro^onii^ p\ epi- wings, 18 peculiar in 

]r thighs; (, f, (", ttbsj p.Tcnirmi each geuDS. I u many 

iBiemi of mcuthoni; v'l Insccts, especially 

eidmeron : i. metmlemniii. HymenOpterB, the ab- 

domen of the female ends in a tube which is the sheath 
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of a stiDg, as in the Bee, or of an ovipositor, or " borer," 
as in the Ichnenmon, by meaus of which the eggs are de- 
poeited in suitable placee. 

Cephalization ib carried to its maximntn in this elass, 
and we have animals of the liigheBt inetiucts under the 
articulate type. The " brain " is foi-med of several gan- 
glia massed together, and lies across the npper side of the 
throat just behind the mouth. The niain cord, which lies 
along the ventral side of the body, with a swelling for 
each segment, coiresponds to the sympathetic system of 
Tertcbratee. A true brain and spinal cord are imrepi-e- 
sented among iuvertebrated animals. The digestive ap- 
paratus consists of a phaiynz, gullet (to which a crop is 
added in the Fly, Butterfly, and Bee tribes), gizzard, stom- 
ach, and intestine. There are no absorbent vessels, the 
chyme simply transuding through the walls of the canal. 
The blood, usnally a colorless liquid, is driven by a chain 
of hearts along the back, ;. e., by a pulsating tube divided 
into valvular sacs, ordiuarily eight, which allow the cur- 
rent to flow only toward the liead. As it leaves this main 
pipe {aorta), it escapes into the cavities of the body, and 
thus bathes all the organs. Although the blood does not 
circnlate in a closed system of blood-vessels, as in Verte- 
brates, yet it always takes one set of channels in going 
from the heart, and another in returning. Eeepiration is 
carried on by tracheee, a system of tubes opentug at the 
surface by a row of apertures {spirades), gener&lly nine 
on each side of the body. 

He sexes are distinct, and the larvse are hatched from 
eggs. As a rule, an Insect, after reaching the adult, or 
imago, state, lives from six months to a few hours, and dies 
after the process of reproduction. Growth takes place 
only during larval life, and all metamorphoses occur then. 
Among the social tribes, as Bees and Ants, the majority 
(called " workers ") do not develop either sex. 
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Ineectfl (the six-footed ArticulateB) comprise four-fifths 
of the whole Animal Kingdom, or about 200,000 epevies. 
They are grouped into seven orders : 

Leieer leriti : bodj osiullj flMlened; prolhonx large and 
■qiuriih ; mouth-parti niually adapted for biting ; n 
niDO[7bosis incompiete 1 pup« ofteo ioactive ; larva Bat- 
tened, often resembliBg the adult. 

Higher tria: body uiuall; cylindrical; prothorax Binall; 
EDOntb-parU more Eenerall; funned for lockiiig; meta- 
morphueii complete ; pnpa inactive ; larva niually cj'Uo- 
drical, verjr nulike the adult. 



Ortkiften, 
Htmipten, 
Coitoptm. 

Lrpidoptert, 
Hgmtnoplen. 



1. NeuTopters have a comparatively long, slender body, 
and four targe, transparent wings, nearly equal in size, 
membranous and lace-like. Such are the brilliant Drag- 
ou-flies, or Devil's Darning-needles (Xti^u^), well known 
by the enormous, head and thorax, large, promiuent eyes 



(each furnished with 12,000 pohehed lenses), and Scor- 
pion-like abdomen ; tlie delicate and short-lived May-fliea 
(Ej)hemera) ; Caddis-flies {Phryganea), whose larvee live 
in a tubular case made of minute stoues, shells, or bits 

Coot^lc 



ABTICULATA. 285 

of wood ; the Honied Corydalis {Coryddlus), of \rliicli 
the male has formidable mandibles twice us long as the 
head ; and the White Ants {Termes) of the tropica. 

2. Orthopters have four wings: the front pair some- 
what thickened, narrow, and overlapping along the back ; 
the hind pair broad, net-veined, and folding up like a fan 
upon the abdomen. The hind legs are usiiall; large, and 
fitted for leaping, all the epeciee being terrestrial, although 
some &y as well as leap. The eyes are small, the mouth 



Fi«. SH^-Helamarpliuali at * CrickM (Orylltii). 

remarkably developed for cutting and grinding. The lai^ 
vsi and pnpse are active, and resemble the imago. They 
are all vegetarian. Each family produces characteristic 
sounds (stridnlation). The representative forms are Crick- 
ets (Gryltua), Locusts (Zocueia), Grasshoppers {Acrydium), 
Walking-sticks {Pkasma), and Cockroaches {Blatla). 

8. Hemipterg, or " Bags," are chiefly characterized by 
a suctorial month, which is produced into a long, hard 
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n Hemlpler, Wiler-boatnu (SalamecUl. 



beak. The four wings are irregularly and sparsely vein- 
ed, Bometim^ wanting. The body is flat above, and the 
legs slender. The larva differs from the imago in wanting 




'^^' 



^' 



I 



Fra. ns — SereDleen-jear Locnat {Cieada arplfndfirim,) : «. pupa g b, the ume, ifter 
the fmigo, t, bne escaped throngb i Teat lu (be back; d, hulea Id ■ twig. wher« 
Uie eggs, e, an Inserted. 
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wings. Iq Bome Bpecies, the fore-wings are opaque at the 
base, and transpareDt at the apex, wheDce the name of 
the order. Some feed on the jiiieea of animals, others on 
plants. Here belong the wingless Bed-bug (Cimex) and 
LouBe {Pediculus), the Sqnash-bug (Coreua), Water-boat- 
man (Nbtonecta), Seventeen-jear Locnet {Cicada), Cochi- 
neal (Coccus), and Plant-lice (Aphis). 

4. Coleoptera, or " Beetles." This is the largest of the 
orders, the species numbering about 90,000. They are 
easily recognized by the di/tra, or thickened homy fore- 
wings, which are not need for flight, but serve to cover 
the hind pair. When in repose, these elytra are always 
united by a straight edge along the whole length. The 
hind wings, when not in use, are folded transversely. The 
mandibles are well developed, and the integument general- 
ly is hard. The legs are strong, for the Beetles are among 




the most powerful running Insects. The larvee are worm- 
like, and the pupa is motionless. The highest tribes are 
carnivorous. The most prominent forms are the savage 
but beautiful Tiger Beetles (Cicindela); the common 
Ground Beetles (Carahus), whose hind wings are often 
absent; the Diving Beetles (Dytiacua), with boat-shaped 
body, and hind legs changed into oars ; the Carrion Bee- 
tles (Silpka), distinguished by their black, flat bodies and 
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barjlDg ■ tnODSe, piepantor; to laylDg theli qcgi In iL 

club-shaped antennse ; the Goliath Beetles (ScarahcBug), 
the giants of the order ; the Snapping-baga {Elater) ; the 
Lightiiing-bugs {Pyropkorus); the spotted Lady -birds 
{Coccinella); the showy Long-horaed Beetles (CVrawiftyc- 
ida) ; and tlie destructive Weevils {Curcidionidai), with 
pointed snouts. 

5. Dipters, or " Flies," are characterized by the rndi- 
mentary state of the hinder pair of wings. Although 
having, therefore, hut one available pair, they are gifted 
■with tlie power of very rapid flight. While a Bee moves 
its win^ lOO times a second, and a Butterfly 9 tiinca, the 
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HoiiBe-Sy makes 830 strokes. A few species are winglesa. 
The ejes are lai^, with nunierous facets ; the tongue ter- 
minates in a flesliy knob, and tlie other parte of the mouth 
are fitted for suction, being generally converted into fine 



a. SSI ^Uiuoi)ihi»lt at the UoaqulU) {Cula piplnit), 
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laocets ; the thorax is globular ; and the legs eleoder. 
Tbo larvee are footleee grube. The Diptere namber abont 
24,000. Among them are the Moequitoes (CuUx); Hee- 




IP 



fiian-fly {Cecidomyia), bo destructive to wheat; Daddy- 
long-lege (Tiptila), resembling a gigantic Mosquito ; the 
wingless Flea {Pulex); beeides the iminenee families rep- 
resented by the Houfle-fiy {Musca) and Bot-fly {CEgtma). 
6. Lepidoptera, or " Butterflies " and " Moths," are 
il Hfvn lb frti known chiefly by their four 

I Ijj (I) W \lxj) large wings, which are tbick- 
' ly covered on both sides by 

minute, overlapping scales. 
The scales are of different 
colors, and are often ar- 

uM Lepidopien. qiiisite beauty. They are ia 

reality modified haire, and every family has its particular 
form of scale. The 
head is small, and 
the body cylindrical. 
The legs are not used 
for locomotion. All 
the mouth parts are 
nearly obsolete except 
the niaxillte, which 
are fashioned into a 
"proboscis" for puTiip- 
inc up the nectar of 

- "^ tNn »«i_P.rt nf ih> ^ng or ■ Hotb iSatunU), 

toTMklM. 
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called " eaterpillaiB," have a worm - like form, and from 
oiie to five pairs of abdominal legs, in addition to the 
BIX oa the thorax. 
The month is 

formed foE maa- ' 

tication, and (ex- 
cept in the larvsa 
of Batterflies) the 
lip has a spinnei^ 
et connected with 
silk-glands. 

There are three 
groups : the gay : 
Batterflies, having 
knobbed or hooked antennte, and flying in the sunshine 
only ; the dull-colored Sphinges, with antennte thickened 



Fu. MS.— Mom ud um oi AUaeia pmaiuatiugan 
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in the middle, and flying at twilight ; and the Dootnmal 
Moths, which general]; prefer the night, and whose anten- 
Dfe are thread-like and often feathery. Generally, when 



Fra. SOT.— Fnill-aiDtli {PytatU pomanai: i, Ibtti; a, chirulli) c, Inugo. 

at rest, the Bntterflies keep their wings raised vertically, 
while the others hold theirs horizontally. The pupa of 
the former is unprotected, and is usually Buspended by 

'Vyi, , a bit of silk:'" the pupa of 

f-'■^^^^J-J^ the Moths is inclosed in a 

■ cocoon. 

From 23,000 to 24,000 
Lepidopterons species have 
been identified. Some of 
the most oommon Butterflies 
are the swallow-tail Papilio, 
the white Pieria, the sulphur- 
yellow Coliaa; iheArgynnis, 
with silver spots on the un- 
der Bide of tlie hind wings; 

__ tlie Vanessa, with notched 

Pio. S6s._iiena ur . caierpiH.r, from Tpjngs. The Sphinges exhib- 

e, thread of -lit from me conieal fnsn- it little Variety. They have 
Ina, on cltber «ld« o( whlcb are indl- i> , ■ i 

nuDUrr paipL narrow, powerful winge, and 
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are sometimes mistaken for Humming -birds. The "po- 
tato-worm" is the caterpillar of a Sphinx. The most 
conspicuons Moths are the large and beautiful Attacus, 
distinguished by a triangular, transparent spot in the . 
centre of the wing; the white Bombyx, or "silk-worm;" 
the reddish-brown C^isiocampa, whose larva, " the Amer- 
ican Tent -caterpillar," spreads its web in many an ap> 
pie and cherry tree; the pale, delicate Geometrida; and 
the small bnt deetmctive Tineids, represented by the 
Clotlies-moth. 

7, Hymenojpters, comprising «t least 25,000 species, in- 
clade the highest, most social, and, we may add (if we ex- 
cept the Silk-worm), the most oeefnl, of Insects. They 
have a large head, with componnd eyes and three ocelli, 
month fitted both for biting and SQction,"* legs formed 
for locomotion- as well as support, and four wings equally 
transparent, and interlocking by small hooks during flight 
The females are usually provided with a sting, or borer. 
The larvee are footless, helpless grubs, and generally nnrt- 

^^^^^^ 

Tie. MS.— HoHj-bM (^pli mUifca) : a, IMule ; 1^ «ork«r ; a, nata. 

nred in cells, or nests. Such are the Honey-bees {Apie), 
Humble-bees {BovAua), Wasps ( Vesp^ Ants {Formica\ 
Ichneiimon-flies, and Gall-flies. Those living in societies 
exhibit three castes: females, or "queens;" males, or 
" drones ;" and neuters, or sexless " workers." There is bnt 
one queen in a hive, and she is treated with the greatest 
distinction, even when de^. She dwells in alat^, peai^ 
shaped cell, opening downward. She lays three broods of 
eggs : from the first come forth workers, the second pro- 
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dacee males, and the last females. The drones, of which 
there are about 800 in an ordinary hive, are marked by 
their great size, their large eyea meeting on the top of the 
' bead, and by being stingless. The workers, which nnmber 
twenty to one drone, are small and active, and provided 
with stings and hollow pits in the thighs, called "baskets," 
in which they carry pollen. Their honey is nectar elabo- 
rated in the crop by an unknown process ; while the wax 
is secreted from the sides of the abdomen and mixed with 
saliva. There is a subdivision of extra labor : thos there 
are wax-workers, masona) and nurses. Ante (except the 
Saiiba) have bat two claases of workers. While Ante live 
in hollow trees or subterranean chambers {ciMed ^ormi- 
carium), Honey-bees and Wasps construct hexagonal cells. 
The comb of the Bee is hung vertically, that of the Wasp 
is horizontal 



8nch are the main divisions of the Invertebrates — creat- 
ores which are commonly regarded with aversion, and con- 
sidered our foes rather than friends. Many of them are 
unmistakable nuisances, and it is difficult to see the pur> 
poee of their creation. Yet not a few have put ns under 
obligations. Protozoans give ns sponge and chalk; Kadi- 
ates yield ns coral; MoUusks contribute pearls; and In- 
sects spin us silk. Nearly every grand group sends repre- 
sentatives to our tables ; Oysters, Sea-sings, and Lobsters 
are staple articles with many people ; Bees gather honey ; 
and Amazonian Indiam make Ante into salad. 



r^cinzeaoy Google 



TERTEBRATA. 



Sabkingdom Vsbtebr&tA. 

This grand diviHion includes the most perfect aDimals, 
or snch as have the most vaiied faDctions aud the most 
natneroas and complex organs. Besides tlie unnumbered 
host of extinct forms, there are about 25,000 living spe- 
cies, widely differing among themselves in shape and hab- 
its, yet closely allied in the grand features of their organic 
zatioD, the general type being endlessly modified. 

The fmidamental distinctive character of Vertebrates 
is the separation of the main mass of the nervons system 
from the general cav- 
ity of the body. A 
transverse section of 
tlie body exhibits two 
cavities, or tubes — the 
dorsal, containing the 
cerebro -spinal nervons 
system ; the ventral, in- 
closing the alimentary 
canal, heart, Innge, and 
a double chain of gan- 
glia, or sympathetic sys- 
tem. This ventral, or 
heemal, cavity corre- 
sponds to the whole 
body of an Inverte- 
brate ; while tlio dor- 
sal, or nenral, is entire- 
ly extra. 

Vertebrates are also 
distinguished by an in- 
ternal, jointed skeleton, endowed with vitality, and capa- 
ble of growth and repair. During embryo-life it is rep- 
resented by the notochord ; but this is afterward replaced 




rio. ITOl— IdsRl P1«na of Iha Sabklngdomii. V, 
tniniverK Mellao of •eftsbrnla lypt ; >, th« 
un», iDTflrted. JT, trttisTStM lecllua of mol- 
lniM»D> tnwi ud xa, i>r malliMCuld. A ind 
Alt, fnantne »ertlonf nf artlcolila tjp«, blgh 
*nd law. C, Inngtiudlnil hciIod ot colente- 
r»tetjpei o, ml1ment«r7 csniil; e, bndj-c»Titj. 
In the olher Akd"", the aUmcntat? unil li 
ihided, the befirt it black, *nd Uie nsrTODii 
cord* are opeo ring). 
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by a more highly developed 
vertebral volamn of cartilage 
or bone.'" The column and 
cranium are never abeent; 
other parts may be wanting, 
as the ribs in Frogs, limbs in 
Snakes, etc The liuibe are 
never more than four, aud 
are always articulated to the 
htemal side of the body, while 
the legs of Invertebrates are 
developed from the neural 
side. The muscles moving 
the limbs are attached to tlie 
cndoekeletou. 

The circulation of the blood 
is complete, the arteries bein;; 
joined to the veins by capil- 
lanes, so that the blood never 
escapes into the visceral cav- 
ity as in the Invertebrates. 
All have a portal vein, car- 
rying blood through the liv- 
er; all have lactcals and lym- 
phatics. The blood is red, 
and contains both kinds of 
corpuscles."' The teeth are 
developed from the dermis, 
never from tlie cuticle, as in 
Mollusks and Articulates; the 
jaws move vertically, and are 

r... .7i.-D,.i,,.-.r ci™i.ti.. 1. "«™'' i««iiae<i limbs- The 
ibe higher Vertebntes: 1, beut ; s, liver and kidnevs are always 

iDDKs: 9.h>sd uDd nppeteilremltlft: tm • 

4,(pieeni Motefiins; •, kidneri T, present. Hhe respiratory or- 
Diiton-. "Phjrioiogj.") gans are either gills or lungs, 
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or both. Yertebnites are the ooij animals which breathe 
throngh the mouth. 

The nervons B^'stem has tvro marked divisioDB; the cer- 
ebro-Bpinal, preBidiug over the functions of animal life 
(sensation and locomotion) ; and the sympathetic, which 
controls the organic functions (digestion, reepiratioii, and 
circulation). In no case does the gullet pass tlirotigh the 
nervous system, as in Invertebratee, and the mouth opens 
on the side opposite to the brain. Probably none of the 
five Benees are ever altogether absent. The form of the 
brain is modified by the relative developineut of the vari- 
ons lobes. In the lower Vertebrates, tlie cerebral hemi- 
spheres are small — in certuh Fishes they are actually 
smaller than the optic lolies — in the higher, they nearly 
or quite overlap both olfactories and cerebellum. The 
brain may be Bmoqth, as in moat of the cold-blooded an- 
imals, or richly convoluted, as in Man. 

The skull is distinctly set apart from the spinal column, 
except in Fislies. It is bony in Mammals, mingled bone 
and cartilage in Birds and Eeptiles, and in Amphibians 
and Fishes mainly or wholly cartil^inooB. The human 
sknll contains fewer bones than the skull of most animals, 
excepting Birds. The sknll of all Vertebrates is divisi- 
ble into two regions : the cranium, or brain-case, and the 
face. The size of the cranial ca}>acity, compared with the 
area of the face, is generally the ratio of intelligence. In 
the lower orders, the facial part is enormously predomi- 
nant, the eye-orbits are directed outward, and the occipital 
condyles are nearly on a line witli the axis of the body. 
In the higher orders, tlie face becomes subordinate to the 
cranium, the sensual to the mental, the eyes look forward, 
and the condyles approach the base of the cranium. Com- 
pare the " snonty " skull of the Crocodile and the almost 
vertical profile of civilized Man. A straight line drawn 
from the middle of the ear to the base of the uose, and 
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another from the forehead to the meet prominent part of 
the npper jaw, will include what is called ihejacial an- 
ffle, which roughly gives the relation between the two re- 
gions, and therefore the rank of the aiiiinal."* In the 
cold-blooded Vertebrates the brains do not fill the crani- 
nm ; while in Birds and Mammals a cast of the cranial 
cavity well exhibits the general features of the cerebral 
BurfiuK. 

The Babkingdom is divided into five great classes : 
J>'isAeajAm^i&ia}iSySeptitet,Bird8,tmd MamnuUs. The 
fii«t three are " cold-blooded," the other two are " warm- 
blooded." Fishes and Amphibians have ^lls during the 
whole or a part of their lives, while the rest never have 
gills. Fishes and Amphibians in embryo have neither 
amnion nor sllantois, while tlie other three are provided 
with both. 

Fishes and Amphibians agree in having gills, in want- 
ing amnion and allantois, and in possessing nucleated red 
blood-corpoBvles. 

Birds and Beptiles agree in having no gills, bat both 
amnion and allaDtois, in the articulation of the sknll with 
the spine by a single condyle, in tlie development of the 
skin into feathers or scales, and in circulating oval, nada- 
ated, red corpuscles. 

Mammals differ from Birds and Reptiles in having two 
occipital condyles, and their blood-corpuscles are not nu- 
cleated. '" 

All Vertebrates are single and free. Mammals and a 
few Reptiles bring forth their young alive; the rest are 
oviparous. 

Class I. — Pteooa 
Fishes are the lowest of Vertebrates. They fall far 
behind the rest in strength, intelligence, and sensibility. 
The eyes, though large, are almost immovable, bathed by 
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DO tears, and protected by no lidB. Dwelling in the realm 
of eilence, ears are little needed, and snch as they have are 
withoat external parts, the sound being obliged to pass 
through the craninm. Taete and smell are blnnted, and 
tooch is nearly confined to the lips. Deetitnte of the 
means of social interconrae (being almost mnte), their 
chief enjoyment is to eat, and to be eaten is the end of 
their existence. 

But the class yields to no other in the number and varie- 
ty of its forms. It includes nearly one-half of all the ver- 
tebrated species. So great is the range of variation, it is 
difficult to frame a definition which will characterize all 
the finny tribes.'" It may be said, however, that Fishes 
are the only backboned animals having median fins (as 
dorsal and anal) supported by fin-rays, and whose limbs 
(pectoral and ventral fins) do not exhibit that three-fold 
division (as thigh, leg, and foot) found in all other Verte- 
brates."' 

The form of Fishes is admirably adapted to the element 
in which they live and move. Indeed, Nature nowhere 
presents in one class such elegance of proportions with 
such variety of form and beauty of color. The head is 




disproportionately large, but pointed to meet the resist- 
ance of the water. The neck is wanting, the bead being 
a prolongation of the trunk. The viscera are closely 
packed near the head, and the long, tepering trunk ia left 
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free for the development of musclee which are to move 
the tail — the inBtnitnent of locomotion. The biconcave 
yertebne, with intervening cavities tilled with elastic gel- 
atine, are designed for rapid and versatile movements. 
The body is either naked, as in the Eel, or covered with 
polished, overlapping scales, as in tlie Perch. Earely, as 
in the Stntgeon, it is defended by bony plates, or by mi- 
nute, hard spines, as in the Shark. 

The vertical fins (dorsal, anal, and caudal) are peculiar 
to Fishes. The dorsal vary iu number, from one, as in 
the Herring, to three, as in the Cod ; and it may be soft, 
as in the Trout, or spiny, as in the Perch. If the dorsals 



Fra. US.— Blue-flih ITemnedcn tallaler). All MU. 

be cnt off, the Fish reels to and fro. The caudal may he 
homocereal, as in ordinary species; or heterocercal, as in 
Sharks. In ancient heterocercal Fishes, the tail was fre- 
quently vertebrated. The pectoral and ventral fins stand 
for tbe fore and hind limbs of otiier Vertebrates. As the 
specific gravity of the body is greater tlian that of the 
water, most Ftshes are provided with an air - bladder, 
which is an outgrowth from tlie cesophagns. Tliis is ab- 
sent in such as grovel at the bottom, as tlie Kays, and in 
those, like the Sharks, endowed with compensating mus- 
cular power. 
Fishes have no prehensile oi^gan besides the moath. 
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Both jawB are alike movable. The teeth are numerons, 
and are generally recurved Bpines, as in the Fike ; flat and 
triangnlar, with serrated edges, in the Shark ; and tessel- 
lated in the Ray. They feed principally on animal mat- 
ter. The digestive ti-act is relatively shorter than in oth- 
er Vertebrates.'" With one exception (the Amphioxus), 
the blood is red, and the heart has rarely more than two 
cavities, an auricle and a ventiicle, both on the venous 
sida Ordinary Fishes have four gillH, the water escaping 
by one external aperture, or "gill-slit;" bat in the Sharks 



Fie. SI4 Salman (Saima aolar). Boih heiulBpbsret. 

there is a separate opening for each gill. The brain con- 
sists of several ganglia placed one beliind the other, and 
occupies but a small part of tlie cranial cavity. Its aver- 
age weight to the rest of the body is as low as 1 to 3000. 
The eggB of bony Fishes are naked, and multitudinous, 
Bometimes numbering millions in a single spawn ; those of 
the Sharks are few, and protected by a horny shell. 

There are six orders of Fishes : 

1. i'Aarynyoiranc^,' represented by a single species, 
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tjie Lanoelet., or Amj>hioxua. This lowest known Verte- 
brate is about two inches long, Bemi-transpareDt, and of 
worm -like form, and is fonnd in the saudy bottom of 
many eeas, especially the MediteiraneaiL"* 

2. Maraipo&ranchs, as the eel-like Lamprey and Hag. 
They have a cartilaginoiiB Bkeleton and sacr-like gillsj'bat 
no Bcales, Hmbe, or lower jaw, and only one nasal organ, 
all other Vertebratee having two. 

S. Teleoati, inclnding all the common Fishes, having a 
bony endoskeleton and a scaly exoskeletou."* The skull 
is extremely complicated ; the npper and lower jaws are 
complete (whence the name of the order), and the gills 
are comb-like or tafted. The tul is homocercal ; the other 
fins are variable in number and position. In the eoft-Gn- 
ned Fishes, the ventrals are absent, as in the Eels ; or at- 
tached to the abdomen, as in the Salmons, Herrings, Fikes, 
and Carps ; or placed nnder the throat, aa in the Cod, Had- 
dock, and Flounder. In the spiny-finned Fishes, the ven- 
trals are generally under or in front of the pectorals, and 
die scales ctenoid, as in tlie Perches, Mallets, and Mack- 
erels. 

4. Ganouh, distinguished by their enameled bony plates 
or scales. The endoskeleton is not completely ossified; 
the ventral fins are placed far back ; and the tail is gen- 
erally heterocercal. The gills are like those of the bony 
Fishes. This was one of the lai^est orders in old geo- 
logical history. The few modem representatives, as the 
Sturgeon, Gar-pike, and Polypterua, are essentially fresh- 
water. 

5. Elasmohranchs, having a gristly skeleton, and a harsh 
skin, called "shagreen." The gill-openinge are uncovered; 
and the mouth is generally nnder the head. The ventral 
fins ai-e placed far back ; the pectorals are large, in the 
Rajs enormonsly developed ; and the tail is heterocercaL 
Such are the Sharks, Bays, and Qhimeeis. They are all 
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Fia. Sn.-Cad (VarrAua Jn«r«inia). AUMItlcoo 



riii,tn,—aK-p»K{LepUaiU<tiHton). LakeOnUrlo. 



Fid. m.— StnrgMD {Xtlpn—r tturio), AUaatle cout. 
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u niigarit). Atliuilc. 



marina The largest Shark found, and therefore the 
largest Fish, measured thirty-five feet. 

6. Dipnoi, or Mud - iSsbes (Zepidoairen), of tropical 
rivers. Tliey form a link between the typical Fishes and 



liai^ {Itala clacota). Earopeip hw. 
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the AmphibiftiiB. They Lftve an eel -like body covered 
with cycloid scales ; an embryonic notochord for a back' 



Fli^ K& — Leptdntirtn anfuedflu; on«-faurth nrntnrol ilx^ Aft^cnTl TlT«r& 

bone; long, ribbon-like pectoral and ventral fins, Bet far 
apart ; two auricles, and one ventricle ; and, besides gills, 
a cellular air-bladder, which is used as a lung. 

Class II. — AmpUbla. 

These cold-blooded Vertebrates are distingoished by 
having gills when young, and true lungs when adolt. 
They have no fin-rays, and the limbs, when present, have 
the same divisions as those of higher animals. The skin 
is soft, and generally naked, and the skeleton is ossified. 
The skull is fiat, and articulates with the spinal colnnrn 
by two condyles. There is no distinct neck ; and the ribs 
are usually suiall or wanting. The heart consists of two 
auricles and one ventricle. All undergo metamorphosis 
upon leaving tlie egg, passing throngh tlie "tadpole" state. 
Tliey commence as water- breathing larvse, when they re- 
semble Fishes in their respiration, circulation, and locomo- 
tion. In the lowest forms, the gills are retained through 
life ; but all others have, when mature, Inngs only, the 
gills disappearing. The cnticle is frequently shed, the 
mode varying with the habits of tlie species.'" The com- 
mon Frc^, the type of this class, stands intermediate be- 
tween the two extremes of the vertebrate series ; no fun- 
damental part is excessively developed. 

Tliere are fotir orders — the first two ai'e tailed, the other 
two tailless : 

20 
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1. Urodelant have a naked ekin, a tail, and two or four 
limbs. Some retain their gills through life, as the Prote- 
us of Austria, Axolott 
(Siredon) of Mexico, 
and tlie two-legged 
Mud -eel {Siren) of 
South Carolina. Oth- 
ers drop their gills, 
and always have foar 

p.o.sM.-H<»d.DaQin.<.tM«ob™n«iiiu. c- I'^nl^^, as the aquatic 
jDE> uke. Kewts aud laod Sal- 

amaDders.'" The fore limbs first make their appearance 
in the tadpole. 

2. LahyrintkodontB, now extinct, resembled gigantic 
Salamanders, except in their complex teeth and exoskele- 
ton of bony plates. 

3. CcBciliana have neither tail nor limbs, a snake-like 






form, minute scales in the skin, and well-developed ribs. 
They are confined to the tropics. 
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4. Batrachiatis include all the well-kuown tRilless Am- 
phibians, as FrogB and Toads. The; have a moist, uaked 
sloD, ten vertebne, 
and DO ribs. As 
the/ breathe b; 
swallowing the air, 
the; can be suffo- 
cated hy holding 
the mouth open. 
They have four limbs — the hinder the longer, and the - 
first developed. They have four fingers and five toes. 
The tongne is long, 
and, fised bj its an- 
terior end, it can be 
rapidly thrown out as 
an organ of prehen- 
sion.'" The eggs are 
laid in the water en- 
pw. tOT.-Prog (»»«>. veloped in a glairy 

mass ; and the tadpoles resemble the Urodelaus, till both 
gills and tail are absorbed. Frogs (Hana) have teeth in 
the upper jaw, and webbed feet ; Toads {Bufo) are higher 
in rank, and have neither teeth nor fully webbed feet 
The former have been known to live sixteen years, and 
the latter thirty-six. 

Class ILL — Reptma. 
These air-bi-eathing, cold-blooded Tertebrates are dis- 
tinguished from all Fishes and Amphibians by never hav- 
ing gills, and from Birds by being covered with homy 
scales or bony plates. The skeleton is never cartilaginous; 
and the skull has one occipital condyle. The vertebrae are 
ordinarily concave in front ; and the ribs are well devel- 
oped. With few exceptions, all are carnivorous ; and teeth 
are always present, except in the Turtles, where a horny 
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sheath covers the jaws. The teeth are never fafitened in 
eocketB, except in Crocodilea. The jaws ai'e nsnall; very 
wide. The heart has three chambers, save in Crocodiles, 
where the ventricle is partitioned.'** Bnt in all cases a 
mixture of arterial and venous blood is circnlated. The 
lungs are large, and coarsely cellular. The limbs, when 
present, are provided with three or more fingere as well as 
toes. 

There are four orders of living Beptilee — the first two 
have homy scales, and two external nostrils; the others 
have bony plates combined with scales, and one external 
nostril : 

1. Ophidians, or Snakes, are characterized by the ab- 
sence of visible limbs ;"* by the great number of vertebrffi, 
amounting to over 400 in the great Serpents ; by a corre- 
sponding number of ribs, bnt no sternum ; and immovable 



Fio. SBS.— Adder, or Viper (Vipira Ao-ut). Baglud. 

transparent eyelids. The tongne differs from that of near- 
ly all other reptiles in being bifid and extensile. The 
mouth is very dilatable. The skin is frequently slied, and 
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alwajB by revereing it Snakes make their way on land 
or in water with equal facility. 

As a rule, the venomous SnakeB, aB Vipers and Hattle- 
suakes, are diEtinguished by a triangular head covered with 
small Bcales ; a coostriction behind the head ; two or more 
fangs, and few teeth ; small eyes, with vertical pupil ; and 



Fio. tet.—a, H«d ofa hunikis Soiki (nppur t1sw)j t, beidi c< TRrion* tenon* 

OwBuako. 

short, thick tail In the. harmless Snakes, the head grad- 
nally blends with the neck, and is covered with plates ; the 
teeth are comparatively nnmerous in both jaws; the pupil 
is round, and the tail tapering. This rnle, however, has 
many exceptions. 

2. Lizards may be likened to Snakes provided with 
foor limbs, each having five digits.'** The body is cover- 
ed with homy scales. All have teeth, which are simple 
in structure ; and the halves of the lower jaw are firmly 
united in front, while tliose of Snakes are loosely tied to- 
gether by ligamentB. Nearly all have a breast-bone ; and 
the eyes (save in the Gecko) are furnished with movable 
lids. In the common Lizards and Chameleon, the tongue 
is extensile. The tail is usually long, and naturally snaps 
off at the twelfth caudal. The Chameleon has a prehen- 
sile tail The Iguana is diBtinguished by a dewlap on the 
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Fia. WO.— Liuid (Laairta). 

throat KTid a crest od the back. Except Bome of the Hod- 
itors of the Old World, all the Lizards are terrestrial. 

3. C/teionitms, or Tortoises and Turtles, approach the 
Amphibians in some respects, bnt are of anomalooB struct^ 
nre. The skeleton is external, so as to include not only 



Fia. m.— HtwkVbUl Turtle (EndiucAfl^ imbrleau.). Tropical AUtnUe. 
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all the viBcera, but ttbo the whole mnacnlar sjetem, which 
is attached internally, as in Artiodatea; and even the 
limbs are inside, instead of outside, the thorax. The exo- 
ekeleton unites with the endoekeleton, forming the oara- 
pax, or case, id wliich the body is inclosed. The exoekele- 
ton coDsiBts of homy plates, known ae " tortoise-shell ;" in 
the soft Tortoises 
(Trionyx) this is 
wanting. The ver- 
tehne of the back 
are soldered togeth- 
er, and the ribs are 
expanded, making 
the walls of the ] 
carapax. The i 
tral piece is called the plastron, or stemam.'" All are 
toothless. There are always four stout legs ; and the or- 
der fnmishes the only examples of Vertebrates lower than 
Birds that really walk, for lizards and Crocodiles wriggle 
and drag their body along. The eggs are covered with a 
calcareous shell. 

The Sea-tnrtlcs, as the edible Oreen Tnrtle and the 
Hawk's-bill Turtle, which furnishes the " tortoiBe-shell" of 
commerce, have the limbs converted into paddles. The 
fresh -water forms, represented by the Snapping Turtle 
{Chelydra), are amphibious, and have palmated feet 
Land Tortoises {Testudo) have short, clumsy limbs, fitted 
for slow motion on tlie land ; the plastron is very broad ; 
and the carapax is arched (while it is flattened in the 
aquatic species), and hfiad, legs, and tail can be drawn 
within it. The land and marine species are vegetable- 
feeders ; the others, carnivorous. 

4. Crocodiles, the highest and largest of Eeptiles, have 
two exoskeletouB — one of homy scales (epidermic), and 
another of bony plates (dermal). The bones of the akull 

r'.,--:S..vG00Qlc 



312 COMPAEATIVE ZOOLOGY. 

are firmly united, aud furnished with Dumerous teeth im- 
planted in distinct socketfi. Tlie lower jaw extends bavk 
of the cranium. The heart has four cavities, but tlie pul- 
monaiy artery and aorta communicate witli each other, so 
that there is a mixture of venoas aud arterial blood. They 
have external ear - openings, closed by a fiap of the Ekin, 
and eyee with movable lids; a muBcnIar gizzard ; a long, 
compressed tail ; and four leg^ with feet more or less web- 
bed, and having five toes iu front and fonr behind. The 
existing species are confined to tropical rivers, and are car- 
nivorous. The eggs are covered with & hard sliell. 
There are three representative fonns : the Gavial of the 



Pia. SV3.— Alligator lA. Mitimippimaiii). Sontheni SUta. 

flanges, remarkable for its long anont and uniform teeth ; 
the Crocodile of the Nile, whose teeth are unequal, and 
the lower canines fit into a notch in the edge of the npjwr 
jaw, so that it is visible when the mouth is closed ; and the 
Alligator of the Mississippi, whose canines, in shutting the 
mouth, are concealed in a pit in the upper jaw. The toes 
of the Gavials and Crocodiles are webbed to the tip; those 
of the Alligators are not more than half-webbed. 

In the mediee^'al ages of geological history, the class of 
Beptiles was far more abundantly represented than now. 
Among the many forms which geologists have tmeartbed 
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are nnmerons gigantic Sauriane, which can not be classi- 
fied with aiiy of the four living orders. Such are the 
Ickthyoaaurua, PUaiomurus, Pterodactyls, Megalomih 
rus, and Iguanodon. 

Clabs IV. — Avea. 

Birds form the most clearly defined class in the whole 
Animal Kingdom. The Eagle and Hummer, the Ostrich 
and Duck, widely as they seem to be separated by size, 
form, and habits, still exhibit one common type of struct- 
ure. On the whole, Birds are more closely allied to Hep- 
tiles than to Mammals. In number, they approach the 
Fishes, ornithologists having determined 11,000 species. 

A Bird is an wr-breathing, egg-laying, warm-blooded, 
feathered Vertebrate, with two limbs 0^) ^^f perching, 
walking, or swimming, and two limbs (wings) for flying 
or swimming. Organized for flight, it is gifted with a 
light skeleton, very contractile mnscular fibre, and a re- 
spiratory function of the highest development. 

The skeleton is more compact than those of Keptiles 
and Mammals, at the same time tliat it is lighter, sad the 
bones are harder and whiter. It contains fewer bones 
than usual, many parts being anchylosed together, as the 
cranial, dorsal, and sacral. The Inmbar vertebne are 
wanting; but the neck is remarkably long (containing 
from 9 to 24 vertebne) and flexible, enabling the head to 
be a meet perfect prehensile organ. The ribs generally 
are jointed in the middle, as well as with the backbone 
and sternum. The last, where the muscles of flight orig- 
inate, is highly developed."* The skull articulates with 
the spinal column by a single condyle, and with the low- 
er jaw, not directly, as in Mammals, but through the in- 
tervention of a separate bone, as in Keptiles. 

All Birds always have four limbs, while every other 
vertebrate class shows exceptions. The fore-limbs are fit- 
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ted for flight They ordinarily conBiBt of nine separate 
bones, and from the hand, fore-arm, and humerus are de- 
veloped the primary, secondary, and tertiary feathere of 
the wing. The hind limbs are formed for prt^ression — 
-walking, hopping, running, paddling, and also for perch- 
ing and grasping. The modifications are more nnmeroiis 
and important than those of the bill, witig, or tail. There 
are twenty bones ordinarily, of which the tibia is the prin- 
cipal ; but the most 
characteristic is the tar- 
Bo - metatarsus, wluch 
is a fusion of the low- 
er part of the tar&ns 
with the metatarsus. 
The thigh is so short, 
the knee is never seen 
outside of the plum- 
age ; the fir«t joint 
visible is the heel"* 
Host Birds have four 
toes (the external or 



'la. IW—Prindpil P«rl« of » Bird i a, primirtBi : 
ft, HCDDdBrlei ; e,>piniaQgwlDg: ii,-wiag-covent; 


f little" toe is always 


UtertiarlM; /, tbroBt, or Jngnlnm: ff, ihin; *, 
bill: lh» meetliig line between itae two mandl- 


wanting) ; many have 


blet i> the comni1».are: ihe ridge on the npp«r 


three, the /udlfux, or 


mindlble li callad calmea; ihit of Ibe lower, 




?onji i the space between the biM or the iqiper 


"big" toe, being ab- 


crown: (, eenpnlir JMlhers : ~,'b8ck: n, mets- 


sent; while the Ostrich 




has bat two, answer- 



J to the third and 
fourth. The normal number of phalanges, reckoning from 
the hallux, is 2, 3, 4, 5. The toes always end in cla^ 

Birds have neither lips nor teeth, epiglottis nor dia- 
phragm. The teeth are wanting, because a heavy mas- 
ticating apparatus in the head would be unsuitable for 
flight The beak, crop, and gizzard vary with the food.'" 
The sole organs of prehension are the beak and 1^^ The 
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circnIatioQ is doable, ae in Hammals, starting from a foar- 
chambered heart Bespiratioii ie more complete than in 
other Yertebrates. The lungs are fixed, and coramnnicate 
with air-sacs in Tarious parts of the body, as along the ver- 
tebral colamn, and also with the interior of many bones, 
as the humerus and femnr, which are usnally hollow and 
marrowless.'" Both brain and cord are much larger rela- 
tively than in Reptiles; the cranium is larger in propor- 
tion to the face; and the parta are not situated in one 
plane, one behind the other. The cerebrum is ronnd and 
smooth; and the cerebellum single - lobed. The ears re- 
semble those of Crocodiles ; but the eyes are well devel- 
oped, and protected by three lids. They are placed on the 
sides of the head, and the pupil is always round. The 
sexes generally differ greatly in plumage, in some cases 
more widely than two distinct species. But the coloration 
of either sex of any one species is very constant 

A. Aquatio Birds. — Specially organized for swimming; 
the body flattened, and covered with water-proof clothing 
— feathers and down ; the legs short (the knees being whol- 
ly withdrawn within the skin 
of the body), and set far apai-t 
and far back ; the feet web- 
bed, and bind toe elevated or 
absent The legs are always 
feathered to the heel at least. 
They are the only Birds whose 
neck is sometimes longer than 
the legs. 

1. Pygopodea, or Diver8.-r- 
These lowest of the feath- 
ered tribe have very short 
wings and tail, and the legs 
are placed so far bade that 
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Fia. tM.— Loud (ODitrmbw rarguiUiit). North America. 

land, to Btand nearly bolt upright They are better fitted 
for diviug than for flight or even swimming. They be- 
long to the high latitudes, living on Fishes mainly, and are 
represented by the Penguins, Auks, Loons, and Grebes. 

3. Zonffipennea, or Gulls. — Distinguished b; their long, 
pointed wings, Qsoally long tail, and by great poweis of 
flight. They are all carnivorous. Such are the Gnlls and 
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Terns, wliicli frequent the sea-coast, lakea, and rivers; and 
the AlbatroBsea and Petrels (the largest and smallest of 
web-footed Birds), which are oceanic. 

3, Totipalfnates, or Cormorants. — Characterized by a 
long bill, generally 
hooked ; wings rather 
long ; and toes long, 
and all fonr joined to- 
gether by broad welis. j' 
Throat generally na- , 
ked, and fnrnished j 
with a sac. The major- I 
ity are large sea-birds, i 
and feed on Fishes, ; 
Mollusks, and Insects. 
Examples are the Cor- 
morants, Pelicans, and ^ 

_ ' PiB. SW.— Wild (I.Hwe (Bmifcio CHBOdflwii). 

Uanneta. umud sitiaa. 
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Fie. DM.— Wild Hack (A«at bMchu). Ntntb Aiuarlct. 

4. LamelliroatreB, or Ducke, liave a heavy body, mod- 
erato wings, short tail, flattened bill, covered by a soft 
ekin, with ridges along the edges. Diet more commonly 
vegetarian than animal. The majority inhabit fresh wa- 
ter — as the Docks, Geese, Swans, and Flamingoes. 

M- Tebbestbial Bibds. — This group exhibits great 
divei-sity of structure; but all agree in being especially 
terrestrial in habit, 
spending most of the 
time on the ground, 
not on trees or tlie wa- 
ter, although many 
of them fly and swim 
well. The 1^ are 
long or strong, and 
the knee is free from 
the body. The hind 
toe, when present, is 
vso.w\.—suiA\>ivtti.Tn«gahyj«itwa). £ugiuid. Small aod clevsted. 
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5. O-raUatores, or Waders. — These are readily distin- 
guished by their 
loDg and bare legs. 
Geiierallj,also,the 
toes, neck, and bill 
are of proportion- 
ate length, and the 
tail short They 
feed on small an- 
imals, and, witli 
a few exceptions, 
frequent the banks 

of rivers. In fly- ;, 

ing, their legs are 
stretched out be- 
hind, while in most 
other Birds they 

• , , , , Fib. 101.— HeroD Urdw). 

are folded under 

the body. Such are the Rails, Cranes, Herons, Storks, 

Ibieee, StJits, Snipes, Sandpipers, and Plovers. 

6. Cursorea, or Run- 
ners. — This small, ab- 
errant order includes 
the Ostriches, Casso- 
waries, and Apterjx, 
well marked by their 
gigantic size, rudi- 
mentary wings, keelloEs 
breast-bone, and robust 
legs. The African Os- 
trich has two toen, the 
Cassowaiy three, and 
u™h n™ (itoUM rf^«). the Apteryx four. The 
'^'SKi™. barbs of the feathers 

are disconnected. They subsist chiefly on plants, seeds, 
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aud frait, and, excepting the Rhea, or American Ostrich, 
belong to the Old 
World. 

7. Ratoret, or 
ScratcherB. Ab a 
nile, this order, bo 
valuable to Man, is 
characterized by a 
short, arched bill ; 
ehort and concave 
wings, unfitted for 

^ protracted flight; 
stout legs, of me- 
dium length ; aud 
•fonr toes, the three 

'' in front being uni- 
ted by a short web, 
and terminating in 
blunt claws. The 

Fig. Ml—Arriuu OaUlch {StnUMa anwlw). , 

legs are usually 
feathered to the heel, sometimes (as in Grouse) to the toee. 
The feathers of the body are large and coaree The males 
generally have gay 
plumage, aud Eonie 
appendage to the 
head. The nostrils 
are covered by a 
scale or valve. Tlieir 
main food is grain. 
Such are the Grouse, 
Partridges, Turlicys, 
Pheasants, Poultry, 
and Ciirassows. To 
these may be added 
Pigeons and Doves, although they stand intermediate bo- 
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tween the terrestnal and perching BirdE, as the Flamin- 
goes link the aqnatic and 
terrestrial. They differ from 
the typical Basoree in hav- 
ing wings for prolonged 
flight, and slender legs, fit- 
ted rather for an arhoreal 
life, with toes not nnited, 
and the hind toe on a level 
with the I'est. 

C. Aehial Btrdb. — This 
highest and largest groap 
iuchides all those Birds 
whose toes ai-e fitted fur 

grasping or perching, the p,«.B<w.-RiDB.dove(aiumtapai™i™rt.. 
hind toe being on a level Epgiaud. 

with the rest. The knee is free from the body, and the 
1^ is generally featliered to the heeh The wings are 
adapted for rapid or long flight; and they hop, rather 
than walk, on the gronnd.'" They always live in pairs ; 
and the yoang are hatched helpless. 

8. Jiaplores, or Birds of Prey, differ from all other 
Birds, except Parrots, in having a 
strongly hooked bill and a waxy 
membrane (cere) at the base of the 
upper mandible; and from Parrots, 
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in having three toes in front and one behind. The toes 
are armed with long, strong, crooked taloits ; the legs are 
robust; and the wings are of coueiderable si 



Fis. SOB,— Oalden Eagle (Aguila ehrytaetm). Korth Ami 



for rapid and powerful Sight. The bill is stont and eharp, 
and usually toothed. All arc camivorons. The female is 
larger than the male, except the Condor. There are two 




Fw. SIO.— Foot ol PuTol and Woodpecker. 
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Bectione: the IHumal, whose eyes are on the sides of 
tlie head, wings point- .«;•, ti^ 

ed, and metatarana and 
toes covered over with 
scales, as the Vultures, ■ 
Kites, Hawks, Falcons, 
and Eagles ; tlie Ifoc- 
tiimal, whose large 
eyes are directed for- 
ward and surrounded 
by radiating feathers, 
metatarsus feathered, 
and plumage soft, as 
the Owls. 

9. Scansores, or 
Climbers."* — These 
Birds have no other 
exclusive peculiarity 
than the pairing of the 
toes, two heing turned 
forward and two back- 
ward. Usually it is tlie 
onter toe which pairs 
with the hind toe ; in 
the Trogoiis, it is the 
inner one. Tliey are 

not musical, and only ^ 

ordinary fliers. They 
feed on Insects or 
fruit The majority 
make nests in the hol- 
lows of old trees ; but 
the Cuckoos lay in the 
nestfl of other Birds. 

In climbing, the Wood- y,a. Sll-rroswn ,(,^«. ceoiml Amarlo. 
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peckots are assiBtcd by tlieir stiff tail, and the Parrots by 
their hooked hill. Tlie impoi'taiit Scansoi'eg are the Par- 



Fin. BIS.— Head of I Flj-curcber (TiT«nn«»). 

rotB, Woodpetikei-s, Barbets, ToiieniiB, Cuckoos, Jacaman^ 
and Trogons. 

10. Inaessores, or Perchere. — Tliie order is the moat nii- 
merons and varied in the whole class. It comprehends all 
those tribes which live habitually among trees, excepting 



i. BIS.— GuiiI-TOcker iCaprimtdgv*). 
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the Bapacions and Climbing Birds, and whose toes — three 
in front, and one behind — are eniinently fitted for perch- 
ing only. The legs 
are slender, and sel- 
dom used for loco- 
motion. 

They are divisible 
into three sections: 

a. The Volitores, re- 
markable for tlieir 
powers of flight 
The wings are long 
and pointed, the 
voice IB incapable 
of modulation, and 
the eggs are white. 
Such are the Hum- 
mers, having a long, 
slender bill; and the 
Swifts, Ooat - suck- 
ers, and Kingfishers, 
having a short bill 
and wide gape.'" 

b. Clamatores,' with 
nothing in common 
but a harsh voice. 
In most, the tarsus is 
enveloped in' a row 
of plates, which meet 
behind in a groove, 
and the bill broad, 
and bent down ab- 
ruptly at the tip. 
The typical representatives are the Tyrant Fly-catchers. 
c Oscines, or Songsters, all of whom have a vocal w^ 
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paratns, though all do not sing. The anterior face of the 
tarsiiB ia one continaoiis plate, or divided transveieely into 



Fia. Sit.— KiDsflibw iCrrtU). 

large scales ; and the plates on the sides meet behind in a 
ridge. The toes, always three in front and one behind, are 



Fiu. «lij.— Swallow {Hiruitdii). 
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ou tlie satue level. The ^g8 are nsaally colored. Here 
belong tbe Bavens, Crows, Jays, Birds of Paradise, Black- 
birds, Orioles, Larks, Sparrows, Taaagers, Wax-wiiige, Swal- 
lows, Wrens, Warblers, ThriiBhee, etc 

Class "V. — Mammalia. 

Mammals are distingaished from all other creatures by 
any one of the following characters ; they suckle their 
yoimg ; the thorax and abdomen ar^ separated by a per- 
fect diaphragm ; the red corpuscles of the blood have no 
nuclens, and are therefore double -concave; and either a 
part or whole of the body is hairy.'" 

They are all warm-blooded Yertebrates, breathing only 
by InngB, which are suspended freely in the thoracic cavi- 
ty; tlie heart is four-chambei-ed, and the circulation is 
double, as in Birds ; the aorta is single, and bends over 
the left bronchial tnbe ; the large veins are furnished with 
valves; the red corpuscles differ from those of all other 
Yertebrates in being circular (except in the Camel) ; the 
entrance to the windpipe is always guarded by an epiglot- 
tis; the cerebrum is more highly developed than in any 
other class, containing a greater amoant of gray matter 
and (in the higher orders) more convolutions; the eere- 
bellnm has. lateral lobes, a mammalian pecnliarity ;'" the 
cranial bones are united by sutures, and they are fewer 
than in cold-blooded Yertebmtes ; the skull haa two oc- 
cipital condyles, a feature imitated only by the Amphib- 
ians ; the lower jaw consists of two pieces only (often uni- 
ted), and articulates directly with the cranium ; with two 
exceptions (Manatee and Hoffman's Sloth), there are al- 
ways seven cer\-ical vertebrse ; tlie dorsals, and therefore 
the ribs, vary from ten to twenty-four; tlie articulating 
surfaces of the vertebne are generally flat ; the front 
limbs are never wanting, and the hind limbs only in a 
few aquatic forms ; excepting the Whales, each digit car- 
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ries a nail, claw, or hoof; the teeth (always present, &ave 
m certain low tribes) are planted in sockets; the mouth 
is closed hj flexible lips; an 
external ear is rarely absent ;"' 
the eyes are always preeent, 
though rudimentary in some bor- 
rowing animals; they are vivipa- 
rous; and, finally, and perhaps 
above all, while in all other an- 
imals the embryo is developed 
from the nourishment laid up in 
the egg itself, in Mammals it 
draws its support, almost from 
the beginning, directly fi-om the 
parent, and, after birth, it is sus- 
tained for a time by tlie milk se- 
creted by the mammary glands. 
From the first, therefore, till it 
can care for itself, the young 
Mammal is in vital connection 
with the parent'" 
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1. Monotremm. — This order is created to include two 
singular forms, the Duck -mole {Ornith/}Thynchm) and 
Spiny Anteater (Echidna),\iQ'i}a. confined to the Australian 
continent The former has a covering of fur, a bill like 
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that of a Dnck, and webbed feet The latter is covered 
with Bpinea, has a long toothless snoDt, like the Aut-eater's, 
and the feet are not webbed. Both bnrrow, and feed upon 



Fia. 191.— OrullborbjiKbita. 

Insects. The brain is smooth in the Omithorhynchos, and 
folded in the Echidna. In both, the cerebral hemispheres 
are loosely united by transverse fibres, and do not cover 
the cerebellum and olfectory lobee."* 

2. Marsupials are distinguished by the fact that the 
young, always bom premature, are transferred by the 
mother to a pouch on the abdomen, where they are at- 
tached to the nipples, and the milk is forced into their 
mooths by special muscles.'" They have " marsupial 
bonea" projecting from the pelvis, wliich may serve to 
support the pouch ; but as the Monotremes have the same 
bones, but no pouch, they doubtless have some other func- 
tion. These bones are peculiar to animals having no pla- 
centa, namely, to Monotremes and Marsupials. The brains 
of Marsupials resemble those of the Monotremes, except 
that the cerebrum of tlie Kangaroo covers the olfactory 
lobes. All have the four kinds of teeth, and all are cov- 
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ered with fur, never with spines or scales. Except the 
Opossums of Auiurica, all are reetricted to Australia and 



Pia. 3K ^rgiuEui Opouam {IMdilphsi Vlrginiana). 

adjacent islandB. The Wombat, Kangaroo, and Phalanger 
are herbivorous ; the Bandicoot, Oposenm, Hylaciniis, and 
Dasynrns are chiefly camivorons. 

3. Edentates. — This strange order contains very divei^ 
forms, as the leaf-eating Sloths and the insectivorous Ant- 
eaters and Armadillos of South America, and the Pango- 
lin and Orycteropns of the Old World. The gigantic fos- 
sils, Megatherinm and 
Glyptodon, belong 4o 
this group. The Sloths 
and Ant-eaters are cov- 
ered with coarse hair; 
the Armadillos and 
Pangolins, with an ar- 
mor of plates or scales. The Aut-eaters and Pangolins 
are strictly edentate, or toothless; the rest have molars, 
wanting, however, enamel and roots. In general, it may 
be said that the order includes all quadrupeds having sep- 



Pio, SK.— Skull of Ifae Qreat Anl-enter tXyrme- 
cttplia^ jiibata) I 10.UB»aI; 11, froiiul i T, pn- 
rletnl; 3, fiiiierocclpluil ; i, occipital condyle! ; 
!8, tympanioi T3, IflchrjnuUi 3*, lower iii»uill- 
ble. Teclh wanting. 
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amte, clawed toes and no incisors. Tlie SlothB are arbo- 
real; the others burrow. The brain is generally smooth; 



Pid. S!4.— Armidllla {Dafji/ufi. 

hnt that of the Ant-eater is oonvolated, and has a large 
corpna callosnin ; but in all, the cerebellum and part of 
the olfactories are exposed."' 

4. Rodents, or Guawers, are characterized by two long, 
curved incisors in each jaw, enameled in front, and per- 
petually growing ; thej are specially formed for nibbling. 
Separated from them by a wide space (for canines are 
wanting), are the fiat molars, admirably Utted for griDd- 



R«. S<B.—Skal] of ■ Rodent (CVPI'Mra); 11, pramaillUrj ; : 
Inr; 11, iqaimoHl : IS, lAcbrfmal: 10,na»l! 11, rrnutal; 
DDDBDallj developed 1 i, Inclaoni a, aagle uMowerJaw. 
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mg. The lower jaw has longitadinal coodyles, which 
work freely backward and forward in longitndiiial fur- 



Fio. SSd.— ladcor Teetli or the Hint. 

rows. Nearly all have clavicles ; and the toes are clawed. 
The cerebrum is nearly or quite smooth, and covers but a 
small part of the cerebellum. All are vegetariaD. 

About two-thirds of all known MaiumalE are Rodents. 
They range from the equator to the poles, over every con- 
tinent, over mountains and plains, deserts and woods. The 



Fia. SSI.— Bemr {Oular Canadauiii). North America. 

more impoiiant representatives are the Porcnpines, Capy- 
baras, Guinea-pigs, Ilarcs, Mice, Kats, Sqiiin-els, and Bea- 
vei-B. The Capybara and Beaver are the giants of tlie 
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5. Insedivorea are diminutive insect - eating animals, 
Eome, lis the Slirew, being the smallest of Mammals. 
The; have eniall, smooth brains, 

which, as in the pi-eeeding orders, 
leave nncovered the cerebellum 
and olfactory lobes. The molar 
teeth bristle Tritli sharp, pointed 
cuflpe, and are associated with ca- 
nines and incisors. They have a '^"'' *^— "'""* """" <*■'«). 
long mnzzle, short legs, and clavicles. The feet are form- 
ed for walking or grasping, and are plantigrade, five-toed, 
and clawed. The Shrew, Hedgehog, and Mole are ex- 
amples. . 

6. Cheiropters, or Bats, repeat the chief characters of 
the Insectivores ; but some (as the Flying-fox) are fruit- 
eaters, and have corresponding modifications of the teeth. 



They are distinguished by their very long fore -limbs, 
which are adapted for flight, the iingers being immense- 
ly lengthened, and united by a menibranous web. The 
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toes, and one or two of the fingers, are armed with book- 
ed nails. The clavicles are remarkably long, and tite ster- 
num JB of great strength; bat the whole skeleton is ex- 
tremely light, though not filled with air, as in Birds. The 




eyes are small, the ears large, and the sense of tonch is 
very acute. The favorite attitude of a Bat when at rest 
is that of suspension by the claws, with head downward. 
They are all nocturnal. 

7. Cetaceans, or Whales, have the form and life of Fish- 
es, yet they possess a higher organization than the preced- 
ing orders. They have a broad brain, with many and ' 
deep foldings; tlie foramen inagnnm of the skull is en- 
tirely posterior; the whole head is disproportionately 
large, and the jaws greatly prolonged. The body is cov- 
ered with a thick, smooth skin, with a layer of fat (" blab- 



a. S91 Ontllns of the Sperm-whale (PAj/kCct] : a, bloir-hale ; b, Uie c«M eontaln- 

ing upermacell ; r^ jaok; d, banrti of the neck— beLmen II ind the corner ot tb* 
mouib JB the Eje ; h, bump : i. ridge : 1^ the inull : f, titl, or fluke). BetveeD 
tbe dotted lines nre Ibe eiilrel eirlps of blnbber. Uailmnm kngtb, tliljr (Mt. 
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ber") nnderaeath; there are no elaviclea; the hind limbs 
are wanting, and the front pair changed to paddles ; the 
tail expands into a powerfnl, horizontal fin ; neck and ears 
are apparently wanting; the eyes small, with only two lida; 
the noBtrils ("blow-holes") — double in the Whale, single 
in the Porpoise — are on the top of the head. -All are car- 
nivorous, and essentially marine, a few Dolpliins only be- 
ing found in the great rivei-a. In the Whalebone Whales, 
the teeth are absorbed, and disappear before birth, and 
their place is supplied by horny "baleen" plates. "The 



Fio. e3t.-Qreen]tU]d Wbnlc (Oaltnia mstttettut). North AlUotlc 
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Whale feeds by patting this gigantic Btratner into opera- 
tion, as it Bwims through the shuals of minute Mollusks, 
CrustaceanB, and Fislics, which are uonstantly found at the 
surface of the sea. Opening its c-apacioufi month, and al- 
lowing the sea-water, with its multitadinouB tenants, to fill 
the oral cavity, the Whale Bhnts the lower jaw upon tlic 



Fio. S33.— Troop of Dolpbliu,wItb MaafiUc In ttai dlitutca. 

baleen plates, and, straining out the water tbrongh them, 
awallows the pi-ey stranded upon its vast tongue," In all 
other Cetaceans teeth are developed, especially in Dol- 
phins and Porpoises ; but the Spenn Whale has them only 
in tlie lower jaw, and the Narwhal can show but a single 
tusk. The Dolphins are the only Mammals having no or- 
gan of smell. 

8. Siraiiana resemble the Cetaceans in shape, but are 
closely allied to the iioofed animals in organization. They 
have the limbs of the Whales, and are aquatic; bnt they 
are herbivorous, and frequent great rivers ajid estnarie^ 

D,r;.S....G00glc 
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Th^ hare two sets of teetb, the Cetftceans never having 
but one. They have a narrow brain ; brisUea BcantUy cov- 
ering the body; and nostrils placed on the anout, which is 
large and fleshy. Stich ai-e the Manatee and Dugong. 

9. Proboscidians. — This race of giants, now nearly ex- 
tinct, ia characterized by two upper inciaorB in the form of 
tusks, mainly composed of dentine (ivory). In the extinct 
Dinotherium the tusks projected from the tower jaw ; and 
in the Mastodon, from both jaws. Canines are wanting. 
The molars are few and large, with transverse ridges (Ele- 
phant) or tubercles (Mastodon). The cerebrum is laige 
and convoluted, but does not cover the cerebellam. The 
skull is enormous, the size arising iu great measure from 
the development of air -cavities between the inner and 
outer plates. The nose is prolonged into a flexible trunk, 
whidi is a strong and delicate organ of prehension. Them 
are four massive limbs, each with five toes incased iii 
broad, shallow hoofe, and also with a thick, tegumentary 
pad. The knee is below and free from the body, as in 
Monkeys and Men. Clavicles are wanting. The body of 
the Elephant is nearly naked ; but the Mammoth, an ex- 
tinct species, had a covering of long woolly hair. Ele- 
phants live in lai^ herds, and subsist on foliage and grass. 
There are but two living species: the Asiatic, with long 
head, concave forehead, small ears, and shoi-t tusks ; and 
the African, with round head, convex forehead, large ears, 
and long tnsks.'" 

10. Ungulates, or Hoofed Quadrupeds. — This large ov- 
der, comprehending many animals most useful to Man, is 
distinguished by four well-developed limbs, each furnished 
with not more than four complete toes, and each toe in- 
cased in a hoof. The leg, therefore, has no prehensile 
power ; it is only for support and locomotion. Clavicles 
are wanting; and the radius and ulna are so united as to 
prevent rotation. There are always two sets of teeth, *'. ft, 

22 

Dgr..Sjy Google 



338 COUPARATIVE ZOOLOGT. 

milk-teeth are succeeded by a pennaneiit eeL The grind- 
ers have broad crowns. As a mie, all are herbivorons. 
The brain is alwa^ convoluted, bat the cerebellum is 
lai^ly nncovered. 

Ungulates are divided into the odd and even toed. a. 
The Odd-toed, as the tliree-toed Rhinoceros and Tapir," 
and the one-toed Horse.*** Tlie iirst is distinguished by 
ite very thick ekin, the absence of canines, and one or two 
homs on the nose. The tapir has the four kinds of teeth, 
and a short proboecis. The dental formula of the Horse 



ri- i»n ,- 



1 = 40. 



The canines are often wanting in the mare. The Horee 
walks on the third finger and toe. The metacarpals and 
metatarsals are greatly elongated, so that the wrist and 
heel are raised to the middle of the leg. b. The Even-toed 
Ungnlatea — Hog, Hippopotamus, and Knminants — hare 



Fie. SU.— lodlui Bhlnoccro* (A, unlninK^, 
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two or four toefl.'" The Hog and Hippopotamns have the 
four kinde of teeth, and, in the wild Btate, are vegetariau. 
The Bnminants have two toes od each foot, enveloped in 
hoo& which face each other by a flat side, bo that the; ap- 
pear to be a Bingle hoof split or "cloven." Uanall; there 
are also two Bupplementary hoofa behind, bnt they do not 
. ordinarily touch the ground. All chew the cud, and have 
a complicated Btomach. They have incisors in the lower 
jaw only, and these are apparently eight; bnt the two 
outer ones are canines.'" The molsis are flat typical 
grindeiu The dental forninla of the Ok is — 

.0—0 0—0 t — t i — i oa 

With few exceptions, as the Camel, all Ruminants have 
home, which are always in pairs. Those of the Deer are 
solid, bony, and deciduous; those of the Giraffe and An< 



na. 3311.— stag, or Rfld Deer (Ctrnu IlapJUM), Buopib 
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telope are eoM, horny, and permanent; in the Goat, 

Sheep, and Ox they are hollow, horay, and permanent. 
11. Garnivoret, or Beasts of Prey, may be reo(^ized 

by their four long, carved, acute, canine teeth, the gap 
between the incisors 
and canines in the 
upper jaw for the 
reception of the low- 
er canine, and mo- 
lars graduating from 
a tuberculate to a 
trenchaut form in 
proportion as the 
diet deviates from a 

Fio. m- bkojou (ftwym totor). uoiied sutM. miscellaneous kind 
to one strictly of 
flesh. The incisors, 
with rare exceptions, 
number six in each 
jaw. The teeth are 
lodged in distinct 
sockets, and covered 
with enamel There 
are always two sets. 
The skull is com- 

Fio. Bsi.-wuif (/...pu, BCfidn«oi«i. Tuiied RuiM. paratively small, the 
jaws are shorter and 
deeper than in Un- 
; gulates, and there 
are numerous bony 
ridges on the inside 
and outside of the 
cranium — the high 

occipital crest being specially characteristic. The cerebral 

hemispheres are joined by a large corpus calloeom, but the 
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cerebellnm is never completely covered. Both pairs of 

limbs are well developed, tlie front beiog preheneile ; bnt 

the clavicles are ^^ 

rudimentary. The 

humerus and fe- 

mnr are mainly 

inclosed in the 

body. The digits, 

never less than 

four, always have 

sharp and pointed 

claws."' The body 

is covered ^vith 

abundant hair. 

Carnivores are divided according to the modifications 
of the limbs: a. Finnigrades, having short feet expanded 
into webbed paddles for swimming, the hinder ones being 
bound in with the skin of the taiL Such are the Seals, 
Walrus, and Eared Seals, or Sea-lions, h. Plantigrades, in 
which the whole, or nearly the whole, of the hind foot 
forms a sole, and rests on the ground. The claws are not 



Fia. BN.— Bed FuKPiiIfM/Uliriu). UDlUd SUIM. 



Fio. UD.— SoDlbeni Su-llou {OUaia juAoU). ADURtlc Occau. 

retractile ; tlie ears are small, and tail short Bears, Bad- 
gers, and Raccoons are well-known examples, c. Digiti- 
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grades keep the heel raiaed above the ground, walking on 
the tips of the toes. The majority have long tails. Snch 
are the Weasels, Otters, Civets, Hyenas, Foxes, Jackals, 
Wolves, Dogs, Cats, Panthers, Leopards, Tigers, and Li- 
ons. The last five differ from all otbers in having retract- 
ile claws, and the radiiis rotating freely on the nlna. The 
Cats have thirty teeth; the Dogs, forty-two, or twelve more 
molars. In the former, the tongue is prickly ; in the lat- 
ter, smooth. 

12. Primateg, the head of the kingdom, are character- 
ized by the possession of two hands and a pair of feet, the 
thigh free from the body, and all the digits furnished 
with nails, the first on the foot enlarged to a " great toe." 
Throughout the order, the hand is eminently or wholly 
prehensile, and the foot, however prehensile it may be, is 
always locomotive.'" The clavicles are perfect The eyes 
are sitnated in a complete bony cavity, and look forward. 
There are two sets of 
teeth, all enameled ; 
and the incisors, num- 
bering fonr in each 
jaw. They are divided 
into Lemors, Monkeys 
and Apes, and Man. 

a. Lemure, or " Mad- 
agascar Cats," are cov- 
ered with soft fur, have 
UEually a long tail, 
pointed oars, fox -like 
muzzle, and curved nostrils. They walk on all fours, and 
the timmb and great toe are generally opposable to the 
digits. The second toe has a long, pointed claw instead 
of a nail. The cerebrum is relatively small, and flattened, 
and does not cover the cerebellum and olfactory lobea.™ 
b. The Monkeys of tropical America have, generally, a 
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long, prehensile tail ;*'* the nostrils are placed far apart, 
BO that the noee is wide and flat ; the thumbs and great 
toes are fitted for grasping, but are not opposable to the - 
other digits; and they have fonr molars more than the 
Apes or Man — that is, thirty-sis teeth in all. In the Apes 
of the Old World the tail is never prehensile, and is some- 
times wanting; the noetriU are close tc^tber; both tliumbe 
and great toes are opposable ; and the teeth, though nnm- 
bermg the same as Han's, are uneTeu (the incisors being 



Ito. to— Vhlls-throited S*iM)aa <CUw i^gwInuHi). Caatcal Anwclca, 

prominent, and the canines large), and the series is inters 
mpted by a gap on one aide or other of the canines. 
Their average size is much greater than that of the Le- 
murs or Monkeys, and they are not so strictly arboreal. 
In both Monkeys and Apes, the cerebrum covers the cere- 
bellum.*" While in the Lemurs and Monkeys the skull 
is rounded and smooth, that of the Apes, especially those 
coming nearest to Man — the anthropoid, or long-armed, 
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Apes, as Gorilla, Chimpanzee, Ontng, and Gibbon — is 
characterized by strong crests. Lemora and Monkeys 
take a horizontal poeitiou ; 
bat tlie Apes assume a semi- 
erect attitude, the 1^ being 




oT Omng-Dlu {Simia 




if CblnpuiM (TVufl*- 



shorter than the arms. In all the Primates but Man, the 
body is clothed with hair, which is generally longest on 
the back. Several Monkeys and Apes have a beard; as 
the Howler and Orang. 



□ (from pboUrgraph). 
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The Omng b the least liumfto of all the anthropoid 
Apes as regards the skeleton, but comes nearest to Han in 
the form of the brain. The Chimpanzee approaches Man 
moat cloBelj in-tlie uharacterof its cranium and teeth, and 
the proportional size of the arms. The Gorilla is most 




Fw. tU, — SkelMDDi nt UnD, Cblmpiinim, nod 



Man-like in hulk (sometimes reaching the height of five 
feet six inches), in the proportions of the leg to the body 
and of the foot to the liand, in the size of the heel, the 
form of the pelvis and shoulder - bhide, and volume of 
brain,'" 

c. Man differs from the Apes in being an erect biped. 
In him, the vertebrate type, which began in the horizontal 
Fish, finally became vertical. No otlier animal habitually 
stands erect; in no otlier are the fore-limbs used exclusive- 
ly for head-purposes, and the hind pair solely for locomo- 
tion. 

Man alone can stand, walk, run, jump, climb, swim, ride, 
drive, sit, or lie on his back for any length of time. 

His limbs are natnraily parallel to the axis of his body, 
not perpendicular. They have a near equality of length, 
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bnt the arms are always Bomewhat ahorter dian the legs. 
In all the great Apes the arms reach below the knee, and 
the legi of the Chimpanzee and Gorilla are relativel}' 
Bhorter than Man's. 

Man only has a finished hand, most perfect as an organ 
of tonch, and most versatile. Both huid and- foot are rel- 
atively shorter tliau in the Apes. The foot is plantigrade ; 
the leg bears vertically upon it ; the heel and great toe are 
longer than in other Primates ; and the great toe is not 




Fib. MT.-Foot (o) 



opposable, bat is used only as a fulcrnm in locomotion. 
The Gorilla has both an inferior hand and inferior foot. 
The hand is clumsier, and with a Bhorter thumb than 
Man's ; and the foot la prehensile, and is not applied flat 
to the ground.*'* 

The scapular and pelvic bones are extremely broad, and 
the neck of the femur remarkably long. Man is also sin- 
gular in the double cnrre of the spine ; the Baboon comes 
nearest to Man in this respect 

The human sknll has a smooth, ronnded ontline, eleva- 
ted in front, and devoid of crests. The oraninm greaUjr 
predominates over the face, being fonr to one ;*'* and no 
otlier animal (except the Siamang Gibbon) has a chin. 

Man stands alone in the pecaliarity of his dentition : hia 
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teeth are vertical, of nearly uniform beight, and close to- 
gether. In every other animal the incisors and canines 
are more or less inclined, the canines project, and there 
are vacant spaces."* 

Man has a longer lobule to his ear than any Ape, and 
no mnzzle. The bridge of his nose is decidedly convex ; 
in the Apes generally it is flat 

Man has been called the only naked terrestrial Mam- 
mal. His hair is most abundant on the scalp ; never on 
the back, as in the Apes. 

Man has a more pliable constitution than the Apes, as 



shown by his irorld - wide distribution. The animals 
nearest him soon perish when removed from their native 
places. 

Though Man is excelled by some animals in the acate- 
nesB of some Benses, there is no other animal in which all 
the senses are capable of equal development. "He only 
has the power of expressing his thoughts by articulate 
speech, and the power of forming abstract ideas. 

Man differs from the Apes in the absolute size of brain. 
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and in the greater complexity and leas symmetrical dis- 
poeition of its convolutions. The cerebrum is larger in 
proportion to the cerebellnm (being as Sj|^ to 1), and the 
former not only covers the latter, bnt projects beyond it. 
The brain of the Gorilla scarcely amonnts to one-third in 




Fia. M^ flkall nt Bardprnn. 



Fio. SW.— SkDil or RdffTO. 



volnme or one-half in weight of that of Man. Yet, so far 
as cerebral structure goes, Man differs less from the Apes 
than they do fi-om the Monkeys and Lemnre. The great 
galf between Man and the brute is not physical, but pey- 
chieaL*" 
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CHAPTER XXIII. 

THE DISTBlBimoN OF ASOIALB. 

Ijte 18 everywhere. In the air above, the earth be- 
neath, aod the waters niider the earth, we are Eurronnded 
with life. Nature lives ; every pore is hnrsting with life ; 
every death is only a new birth, every grave a cradle. 
The air swarma with Birds, Ineects, and invisible animal- 
cales. The waters are peopled with innumerable forms, 
from the Protozoan, millions of which would not weigh a 
grain, to the Whale, so large that it seems an island as it 
sleeps npon the waves. Ttie bed of the &ea is alive with 
Crabs, Shells, Polyps, Star-fishes, and Foraminifera. Life 
everywhere — on the earth, in the earth, crawling, creep- 
ing, harrowing, boi-ing, leaping, running. 

Nor does the vast procession end here. The earth we 
tread is largely formed of the debris of life. The quarry 
of limestone, the flints which struck the fire of the old 
Revolutionary muskets, are the remains of countless skele- 
tons. The major part of the Alps, the Rocky Mountains, 
and the chalk cliffs of England are the monnmental rel- 
ics of by-gone generations. From the ruins of this living 
architecture we build our Farthenons and Pyramids, our 
St. Peters and Louvres. So generation follows generation. 
But we have not yet exhausted the survey. Life cradles 
within life. The bodies of animals are little worlds hav- 
ing their own fauna and flora. In the fluids and tissues, 
iu the eye, liver, stomach, brain, and muscles, parasites are 
found ; and tliese parasites often have their parasites lir- ■ 
ing on them. 
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' ' GrMt fleu hRTe little fl«M and nnnller fleu to Ute 'em ; 
And thcM Bgaia hare other fleu, and ao ad infintlaM.'' 

Thus the ocean of life ia inexhacsttble. It epreads in 
eveiy direcUon, into time paet and present, flowing every- 
where, eagerly enrging into every nook and comer of cre- 
ation. On the mountain-top, in the abjssea of the Atlan- 
tic, in the deepest crevice of the earth's crust, we find 
traces of animal life. Natare is prodigal of space, but 
economical in filling it.'" 

Animals are distributed over the globe acwrding to 
definite laws, and with remarkable regularity. 

Each of tlie three great provinces, Earth, Air, and Wa- 
ter, as also every continent, contains representatives of all 
the classes ; but the various classes are aneqnally repre- 
sented. Every great climatal region contains some spedee 
not found elsewhere, to the exclnsion of some other forms. 
Every grand division of the globe, whether of land or 
sea, each zone of climate and altitude, has its own fauna. 
And, in spite of tlie many causes tending to disperse ani- 
mals beyond their natural limits, each coantiy preserves 
its peculiar zoological physiognomy. 

The space occnpied by the different groups of animals 
is inversely as the size of the individuals. Compare the 
Coral and Elephant. 

Fauna now occupying a separate area is closely allied 
to the fauna which existed in geologic times. Thus, Ans- 
trnlia has always been the home of Marsupials, and South 
America of Edentates. 

It is a general mle that groups of distinct species are 
circumscribed within definite, and often narrow, limits, 
ifan is the only cosmopolitan ; yet even he comprises sev- 
eral marked i-aces, whose distribution corresponds with the 
great zoological regions. The natives of Australia are as 
grotesque as the animals. Certain brutes likewise have a 
great range : thus, the Puma ranges from Canada to Fata- 
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gonm; the MoBk-rat, from the Arctic Ocean to Florida; 
the Ermine, from Behring's Straits to the Himalayas; and 
the Hippopotamaa, from the Nile and Niger to the Orange ' 
Eiver." 

Frequently species of the same gennB, living eide by 
side, are 'widely different, while there is a close resem- 
bianco between formB which are antipodes. The Mnd-eel 
of South Carolina and Axolotl of Mexico have tlieir con- 
necting links in Japan and Austria. The American Tapir 
has its mate in Sumatra ; the Llama is related to the Cam- 
el, and the Opossum to the Kangaroo. 

The chief causes modifying distributton are tempera- 
ture, topography, ocean and wind currents, humidity and 
light. To these may be added the fact that animals are 
erei' intruding on each othei''s spheres of existence. High 
mountain -ranges, wide deserts, and cold currents in the 
ocean are impassable barriers to the migration of most 
species. Thus, river-fish on opposite sides of the Andes 
differ widely, and the cold Peruvian current prevents the 
growth of coral at the Galapagos Islands. So a broad 
river, like the Amazons, or a deep, narrow channel in the 
sea, is an effectual barrier to some trib^. Thus, Borneo 
belongs to the Indian region, while Celebes, though but a 
few miles distant, is Australian in its life. The faunse of 
North America, on the east coast, west coast, and the open 
plains between, are very different. 

Animals dwelling at high elevations resemble those of 
colder latitudes. The same species of Insects are found 
on Monnt Washington, and in Labrador and Greenland. 

Tlie range does not depend upon the powers of loco- 
motion. The Oyster extends from Halifax to Charles- 
ton, and the Snapping-turtle from Canada to the equa- 
tor; while many Quadrupeds and Birds have narrow hab- 
itats. 

The distribution of any group is qualified by the nature 
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of the food. Carnivores have a wider range than herbi- 
vores. 

Life diminishes as we depart from the eqnator nortli or 
Bonth, andiikewise as we descend or ascend from the level 
of the sea. 

The zones of geography have been divided b; zooli^ists 
into narrower provinces. Five vertical re^ons in the sea 
have been recognized : the Littoral, extending between 
tide-marks; the Laminarian, from low water to 15 fath- 
oms; the Coralline, from 15 to 20 fathoms; the deep-sea 
Coral, from 50 to 100 fathoms ; and the Batliybian, from 
100 fathoms down. Every marine species has its own 
limits of depth. It wonld be quite as difficult, said Agas- 
dz, for a Fish or a MoHnsk to cross from the coast of 
Europe to the coast of America as for a Beindeer to pass 
from tlie arctic to the antarctic regiora across the torrid 
zone. Marine animals congregate mainly along tlie coasts 
of continents and on sonndings. Tlie meeting-place of 
two maritime currents of different temperatures, as on 
the Banks of Ncwfonndland, favors the development of 
a great diversity of Fishes. 

Every great province of the ocean contains some repre> 
sentatives of all the subkingdoms. Deep-sea life is diver- 
sified, tliongh comparatively sparse. Examples of all the 
five invertebrate divisions were foimd in the Bay of Bis- 
cay, at the depth of 2435 fatlioms.'" 

Distribution in the sea is indoenced by the temperature 
and composition of the water, and the character of the 
bottom. The depth acts indirectly by modifying the tem- 
perature. Northern animals approach nearer to the equa- 
tor in the Bea4:lian on the land, on account of cold cur- 
rents. The heavy aquatic Mammals, as Whales, Walruses, 
Seals, and Porpoises, are mainly polar. 

The land consists of the following somewhat distinct 
areas : the Neotropic, comprising South America, Mexi- 
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CO, and West Indies; the Neoaretic, inclnding the rest of 
America; the Palesarctic, composed of the eastern conti- 
nent north of the Tropic of Cancer ; tlie Africano-Indian, 
or Africa south of Sahara, Southern Asia, and the western 
half of the Malay Archipelago ; and the Australian, or the 
eastern lialf of tlie Malay Islands and Aastralio. 

Life in the polar regions is characterized by great uni- 
formity, the species being few in nnmber, though the 
number of individuals is immense. The same animals in- 
habit the arctic portions of the three continents; while the 
antarctic ends of the continents, Australia, Cape of Good 
Hope, and Cape Horn exhibit strong contrasts. ThoEO 
three continental pcninealas arc, zoologically, separate 
worlds. In &ct, tlie whole southern hemisphere is pecul- 
iar. Its fauna is antique. Australia possesses a strange 
mixture of the old and new. South America, with newer 
Mammals, has older Kcptiles; wliile Africa has a rich 
Tertebrate life, with a striking uniformity in its distribu- 
tion.*" 

In the tropics, di^'e^sity is the law. Life is more raried 
and crowded than elsewhere, and attains its highest devel- 
opment 

The New-world fauna is old-fashioned, and inferior in 
rank and size, compared with those of the eastei-n conti- 
nents. 

As a rule, the more isolated a region, tlie greater the 
variety. Oceanic islands have comparatively few species, 
hot a large proportion of endemic or peculiar forms. Ba- 
trachtans are generally absent, and there are no indige- 
nous terrestrial Mammals. The productions are related to 
those of the nearest continent When an island, as Brit- 
ain, is separated from the main-land by a shallow channel, 
the mammalian life is the same on both sides. 

Protozoans, Coslenterates, and Echinoderras are limited 
to the waters, and nearly all are marine. Sponges are 
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mostly obtained from the Grecian Archipelago and Baha- 
mas. Corals abound tlirongliout the Indian Ocean and 
Polynesia, east coast of Africa, Eed Sea and Persian 
Gulf, West Indies and around Florida. Trne Crinoida 
are found only in the Caribbean Sea and on the coast of 
Norway. The other Euhinoderms abound in almost ev- 
ery sea, the Star-Sshes chiefly along the shore, the Sea- 
urchins in the Laminarian zone, and the Sea-sliigs around 
coral-reefs. 

Mollnsks have a world-wide distribution over land and 
sea. The land forms are restricted by climate and food, 
the marine by shallows or depths, by cold currents, by 
a sandy, gravelly, or mud bottom. Living Bracliiopods, 
though few in number, occur in tropical, temperate, and 
arctic seas, and from the shore to the greatest depths. 
Tlie rest of the Bivalves are also found on every coast 
and in every climate, as well as in rivers and lakes, but do 
not flourish at the depth of much more than 200 fathoms. 
The fresh-water Mussels are more numerous in the United 
States than in Europe, and west of tlie Alleglianies than 
east The sea-shells along the Pacilic coast of America 
are unlike those of the Atlantic, and are arranged in five 
distinct groups — Aloutian, Califomiau, Panamic, Peruvian, 
and Magellanic. On the Atlantic coast, Cape Cod and 
Cape Hatteras separate distinct provinces. Of laud-snails, 
Jlelix has an almost universal range, but is characteristic 
of North America, as BuUmus is of South America, and 
AchatiTia of Africa. The Old World and America have 
no species in common, except a few in the extreme north. 

The limits of Insects are determined by temperature 
and vegetation, by oceans and monntains. There is an 
insect-fauna for each continent, and zone, and ahitude. 
The Insects near the snow-line on the sides of mountaius 
in the temperate region are similar to those in polar lands. 
The Insects on our Pacific slope i-eaemble those of Europe, 
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while thoee Dear the Atlantic coast are more like those of 
Asia. Not half a dozen Inaecte live in the sea. 

The distribotioD of Fishes is bonndecl by narrower lim- 
its than that of other animalfl. A few tribes may be called 
cosmopolitaD, as the Sharks and Herringe ; hut the speciee 
are local. Size does not appear to bear any relation to 
latitnde. The marine forms are three times as numerons 
as the fresh-water. The migratory fishes of the northern 
•hemisphere pass to a more southern r^ion in the spring, 
while Birds migrate in the autumn. 

Living Beptiles form hot a fragment of the immense 
number which prevailed in the Middle Ages of Geol- 
ogy. Being leas imder the influence of Man, they have 
not been forced from their original habitats. None are 
arctic. America is the most favored spot for Tco^ and 
Salamanders, and India for Snakes. Australia has no 
Batrachians, and two-thirds of its Snakes are venomous. 
In the United States, only 23 out of 176 are venomous. 
Frogs, Snakes, and Lizards occur at elevations of over 
15,000 feet Crocodiles, and most Lizards and Turtles, 
are tropical. 

Swimming Bii-ds, which constitute about one-fonrteenth 
of the entire class, form one-half of the whole number in 
Greenland. As we approach the trepics, the variety and 
number of land Bii-ds increase. Those of the tornd zone 
are noted for their brilliant plumage, and the temperate 
forms for their more sober hues, but sweeter voices. In- 
dia and South America are the richest regions. Birds 
with rudimentary wings, as Penguins and Ostriches, pre- 
vail in the sontbem hemisphere. Hummers, Tanagers, 
Orioles, and Toucans are restricted to the New World. 
Parrots are found in every continent, except Europe ; and 
Woodpeckers occur everywhere, save in Australia. 

The vast majority of Mammals are terrestrial ; but Ce- 
taceans and Seals take to the sea, Otters and Beavers de- 
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light in lakes and rivers, and Molee are Biibterranean, Aa 
of Birds, tlie aquatic species abound in the polar regions. 
Marsupials inhabit two widely separated areas — America 
and Australia. In tlie latter continent, they constitute 
three-fourths of the fauna ; while Edentates, Buminants, 
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Horses, ElopliantSj Hogs, Squirrels, Moles, Carnivores, 
Monkeys, and Apes are wanting. Excepting a few spe- 
cies in South Africa and South Asia, Edentates are con- 
fined to tropical South America. The equine family is 
indigenous to South and East Africa and Southern Asia. 
In Korth America, Rodents form about one-half the num- 
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ber of AfammalB ; they are entirely wanting in Madagas- 
car. Komiuants are Bparmgly represented ia America. 
Carnivores flourish in every zone and contincoL The 
prehensile -tailed Monkeys are strictly Sooth American; 
while the anthropoid Apea belong to the west coast of 
Africa, and to Borneo and Sumatra. Both Monkeys and. 
Apes are most abundant near the equator; in fact, their 
range is limited by the distribntton of palms. 
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NOTES. 



> The complete and elaborate natural hUtor? of a glugle apecles or limited 
group to called a Monegregth^ as Darwin's " Monograph of tbe Clrrlpedia." 
A Xtmolr it not bo formal or eibanatlve, gtTing mainly original InveaUga- 
ttoa«ofaepi>c1al subject, ai Owen'* " Hemoir on the Gorilla." 

* Before the Ume of LlnotBOB, tbe Lady-baKi & g-, wu called " Ihe Cocci- 
Bella with red coleopters hariog seven black spots." He called It Oaeeituaa 



' Mandlno (1315) and BereDger (ISIS), of Bologna, and Veaallns, of Brus- 
sels (15B0), were the first anatomlela. Clrcnlatlon of the blood discovered 
by Harvey, 161B. The lacteaU discovered by AseUlns, 1822, and the lym- 
phatics by Radbek, 1650. Willis made the first minute anatomy of tbe braia 
and nerves, 1001 The red blood-corpoaclcB were discovered by Leeawen- 
hoek and Halplghl, 167S. Infosorla firat observed by Lcenwentaoek, IBTTij 
the name given by MQUer, 1TB6. Swammcrdam ««i the founder of Ento- 
mology, 1QT5. Comparative anatomy was Brat cultivated by Fcrranlt, Pec- 
quet, Dnvemcy, and H^ry, of tbe Academy of FarU, tbe latter part of the 
leveutecnth centaiy. Halplgbl, the ronnder of structural anatomy, waa the 
first to demonstrate the stmetare of tbe Innga and skin, 1090. About the 
same time, Ray and WUloaghby flnt claasifled FUhes on stmctural grounds. 
ForamiDlfera were seen by Bcccarlus one hundred and fifty yeara ago; but 
tbelr true stnicture was not demonstrated till 1835, by Dujardln. PeysBooel 
pnbllsbed the flrat elaborate treatUe on Corals, 1727. Haller was tbe firat to 
dlstlan^Dlsh between contractility and senslbtUty, 17S7. White blood-corpus- 
olee dtocovei«d by HewsoQ In 1775. BpallanzenI was the flret to demonstrate 
the true natare of the digeatlve process, 1780. Cuvler and Qeoffroy, in 1797, 
proposed the fiwt natural claaslflcatlon of animals. Before that, all Inverte- 
brates were divided into Insecle and Worms. Lamarck was the firat to study 
Hollnsks, 1800 ; before him, attention waa confined to the shell. He sepa- 
rated Spider* ftom Insecle In 1813. The law of correlation enunciated by 
Cuvler, 1826. Von Baer waa the founder of Embryology, MtAbllsbiog the 
doctrine omnia a ovo, 1827; bat tbe firat researches In Roprodnctlon were 
made by Fabrlclns about 1600, and by Harvey In 1661. WoltT, early In this 
century, was the pioneer In observing the phenomena of Development Sara 
flrat obsen-od alternate generation, 1833. Dumdrll to considered the fkther 
of Hcrpetology, and Owen of Odontology. Schldden and Schwann pub- 
lished their celebrated researches In ccll-stmcture, 1S« ; but Blcbat, who 
died 1803, was the founder of Histology. Protoplasm was dlseoverad by 
Di^rdln. 
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* Tb!a tworold dirlBtoD is arblUarr. No eweDtial dlBtinctioD, founded on 
tbo nature of tbe elementa concerned, or tbe Irnrs of Uiclr combination, can 
be made ; aod ao many ao-called organic inbatances, ai urea, unmonia, ilco- 
bol, tarlAiic and oiftlic acids, bavc been prepared by inorganic metboda, that 
tbe bonDdarj-Une It dall; becoming falatcr, and mij in time yaulsh alto- 
getbcr. It abODld be added, bovever, that "Uioh OT^nnic compound! 
wblch have been artiflclall; formed are Invariably pitxlueU of dtcompoiatiim, 
or, in otbcr wordi, tbe oicretlons or EccrcUom of organized bodies ; and are 
far leu complex In tlielr conBtilutlon than organized etruetures."— Gbeoo- 
Hl's Organie Chcmitlry. " Clicmleal ■yntheeli baa lu reality reproduced 
ODl; tnattere nnDtted for life ; tliat U to taj, mlnenl matter*. "—M. Dmu. 
We would here utter our protcat agalnat the Introdnctlon of an j more terms 
lOco Inorponlc, <nwr1<Ara(r, afepAalmu, etc., wblch express do qnalltlea. 

• Even the work* of nearly all anlmaU proceed In circle* or ccsmcnts of 

' iMndoa QaaHeTiy Bttietr, Jannarr, 1869, p. 14S. II is tnie of any great 
primary group of animals, aa of a tree, that it la mach more easy to dcfloe 
the anmnilt than the base. 

' De Bary on " Mjiomyceti ; " Darwin on '■Carnivorous Plants." 

• Thl(, of coune, la not uDlrenally true. If we r>^ard a tree bs an as«o- 
^lion of ptiytona, or plants, instead of an individual, then eaeh leaf and 
petal when developed ii perfect and abiding, like the separate Polype of ■ 
compound Coral. Borne conaldcr every orgnn « distinct Individual cziat- 
CDCO ; In tjiis view, an animal, like a tree. Is a compact community. 

* It should be noted that plants evolve carbonic acid only wLen la n 
state of deeompotlllon or exhaustive process, not daring normal, vlgorons 
growth. Both animals and plants In decay consume oxygen. "There la 
every reason to believe that carbonic scid la continually f^ven off from tbe 
interior of planta, while oxygen is absorbed. "—Cuifestkr. It is intcreat- 
Ing to compare tbe temporary reaplratorr organ of plonta, the cotyledon, 
with the gllle of a tadpole: both disappearing when the evolution of the 
permanent apparatna renders tbem unnecessary. 

" There are certain pbenomcno, even among the higher plants, connected 
with the habits of climbing plants and with the ranctlooi of ferllllmtlon, 
which It is very difficult to explain wllhout admlttjng soma low form of a 
gCDcnil barmonlzini; and regulating function, comparable to such an obecuro 
monifeatatlon of rcDez nervous action as we have In Sponges and In oth- 
er animals in which a distinct nenons system is absent.— Prof. WmiiB 
Thomson's Intrttduetury Lttturt at EdbAurgh. 

" If nature had endowed ue with microscopic powers of vision, and tbe 
Integuments of plants bad been rendered perfectly transparent to onr eyes, 
the vegetable world wonld present a very dlflbrcnt aspect from the apparent 
Immobility and repose lu which It Is now manltbated to onr senses.— Hex- 
BOLdt'b Owno*, 1., 841. 

>* See G my' s " Structural Botany," p. 890; Rolleston's" Farms of Animal 
Life," p. 143. 

" We may safely tay that there ta no plant which aay not serve as food 
for some animal 
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■* Lile boB been called tlio TlUl force, and It has been BUggCBted tbat it 
nay be found to belong to the ume ot^^iT « the cooyertlblo forces, Jiml 
and light. Lite ieraoa, taowcTer, to be more a propvrt; of matter la a certain 
itate of combination than a force. It doea do woric, In Uie ordinary sense. 
—Prof. WryiLLB Thomboh. The recent ciperlmeola of Robert Hpoiltton 
tend to prove the eiiatencc. In ererj higtil; dereloped orguilsm, of two 
IW es : a lifs resident Id every atom of Qui atractare, hoirever complex, and 
another life ftir which we fUl to And an ezpresalon. Bat the latter la the 
life which keepa togetlier tbe atrnctnre a* a whole : it la tbe Hte that eeiecta 
the nntrllloD be«t aalted to Its iDdivldual self; it is the life that has to do 
with the conUnuation of the apedes ; lastly. It is tbe life to which the mo- 
lecnlar lives, which make up the etractnre, are snbordioatcd ; and when this 
nameless life dcparta, thete myriad llvee, no longer co-operating, start on an 
Independent course. 

" There waa n time in our history when a single membrane discharged nil 
the functions of llfo— dlgesUng, respiring, secreting. The eeparallon of a 
heart, Inng, stomach, liver, etc., for special dnty, was an alter consideration. 

'• The regetabie cell has usnaliy two concentric corcrlngs : cell-wall and 
primordial Dlricle. In animal cells tbe former is wanting, the membrane 
representing the utricle. As a genera] fuct, animsl cells are smaller than 
vegetibla cells. 

■' Cells are not the sonrcea of life, as once tbought, bnt are the producta 
of protoplasm. "They arc no more Ibe producers of vital phenomena than 
the sbelle scattered In orderly lines along the sea-beach are the Instrumenta 
by which the gravitation -force of the moon acts npon tbe occau. Like 
these, the cells mark only where the vital tides have been and how they 
have acted."— Prof. Hcilkt. 

" The ahilt fibres are Inelastic, and fVom fgiinr ^ siiird **'^ '" '"^^h In 
diameter. They are best seen In tbe tendons. The ydUni) fibres are elastic, 
curled at the ends,ver; long, and from giigg to ^^^ of an Inch In diam- 
eter. They are shovm in the hlnga-llgBment of au Ojaler. Connective tis- 
sue appears areolar, i. <., ahowa Interspaces, only under the microscope. 

■* Certain bones, as those of tbe ftice and forehead, are preceded by mem- 
brane* Instead of cartliago. 

'° In the heart, the mnacnlur fibres are striated, ;et Involuntary ; but the 
sarcolemma Is wanting. 

" Other namn are medullary ibesth and white substance of Schwann. 

** We may, however, infer that the animal functloue are not absolutely 
eesentlal to the vegetative, from the fiicts that plants digest without mnt- 
clea or nerves, and that nutriUon takes place in the embryo long before the 
nerves have been developed. 

** This Is not strictly true, fbr the Elm and Oak, tbe Trout and Alligator, 
do reach a mazlmmn slae. 

** The suctorial Insects always sabelat upon one and the aame kind of 
food. 

** Scorpions and Spiders properly tteed upon the Juices of their victims 
after lacerating them with their claws ; but fragments of Insocta have beeo 
Ibond in their stomachs. 

24. ,. , 
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" At OH Old of Uic Tspe-woriD li m mlmite pore, by tome considered tbe 
moDth, with B circlet ottploe* and roDTanckera. 

■' Tbc naX toDgae rorma tlie Boor of the ntoutb, and la found »« a dlitinct 
ftrt In a. few Inwcti, as the Crlcket& 

■■ In a few Flahea, It is circular or oval. 

» Tho moath of the Whole la ciccpUona], Ihe walla not belog dilatable. 
The act of eockliiK la cbarecteriatlc of all jonng Uunmala, hence the need 
of lip*. 

" The Ant'Cater baa two nllona ridgei Id the month, igalnat wblcli tbe 
Inaecta tie cruihed b; Ibe acllon of the tongue. 

" BCrictly apeaklng, the baleen platea do not represent teeth ; for In tlie 
embryo of the Whale we And mlnuto calcareous teeth in both jaws, which 
never cut the fpim. The whalebone la probably a peculiar development of 
bair In the palate, and under tlie microacope It la seen to be made np of 
flbrea which are hollow tabea. 

"Tlie "tuatu" of the Narwhal and Elephant are prolanged Inciaora; 
thoaeofthcWalroa and Wild Boar are canines. 

" ■■ I waa one daf talking with Profeeaor Owen In the Hnnterlan Hnacam, 
wbcn a (gentleman approached, with a requcat to be Informed rc«pecUng the 
nature of a cuiioas fosell which had been dug np bj one of bta workmen. 
Aa he drew the foaall from a amail bag, and waa about to hand it for enun- 
inaUon, Owen quletl; remarked, ' That la the third molar of the nnder Jaw 
of an extinct ipeeles of rhlnoceroe.'"—LBWBS's Studia in AniiBal Life. 

" Thia gap or Intenpace, ao chancterlatlc of the Inferior Hammala, la 
called diailan*. It la wanting In tlie exUnct Anoplotbeiium, and la hardl; 
perceptible In one of the Lemnra. 

" In the Spertnacett-wbale, the teeth arc llzcd to tbc gnm. 

*■ The Iguana among RcptUea, and Flahes with paventCDt-teelli, approach 
the HamnaU la thIa reaped. 

" Thle movement la called peritlallie or nrrinleiilar, and ebaractericea all 
the Buccocding movemenU of the alimentary canal. 

" FUhca and Amphlblana bave no aallva, but a abort gullet. Krds are 
aided b; a audden upward Jerk of the bead. 

" Plabca and Reptiles buTO no pharynx proper, tbe noetrila and glotUa 
apening into the month. 

" Tbia movement of the pharynx and OJaophagus la wholly Involuntary. 
Llqnlda arc awallowed lu ciectlj the same way aa aollds. 

*' The few animals In which tho digestive cavlt; is wanting are called 
agadrk, and agree In having a very simple atructnrc, and in being parasitic 
8ucb arc some Entoioa (as Tape-worm), and unicellular Protoioa {aa Grega- 
rlna), Tlicy absorb the Jniccs, already prepared, by tbc physical procesa of 
endosmoBc There are other minute organlama which seem to be able to 
extract tlio nccesMry elements, CHON, from the medium In which they 
live. 

** Moreover, aa a Sponge la an aggregation of anlmala, these canals are for 
a commanity, cot for a llngle Indlvidnsl. According to Alexander Agaa^ 
the Ctenopborm have a true alimentary canal, passing tbroogh the bodj' 
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" "Nothing U more cnrloiw and entert&lniiig thftn to watch tba Deatnera 
and accnracy with vhich this process \b performed. One mij aeo the reject- 
ed Uta of food passloV rapid) J along the Hues upon which Ui«»e pcdlcelkuis 
occnr In grefttcat unmber, aa If tiiej were ao many lllUe roada for tbe cod- 
Teying awaj of tbo.refuao matten ; oor do the toxi* ceoae from Iheir labor 
till tbe anrtkce of the anloial la completely clean and free trom any foreign 
anbatance."— AoABSiz'B Sta-tidi Studio. 

** In Uie larva of the Bee, the aiud orifice U waotiag. 

*■ Tbe length of Uic canal In Inaectalanot aolndlcatlTeoftbehablta aa In 
Mammala. Thus, It la nearly aa long and more complicated to tbe camWo- 
rona Beetles tban In the boacy-alpplng Bnttertllea. 

" The object of Ihla la unknown. It doea not occor In the Ojater. 

*' In the Nautlloa, tbla la preceded by a capacioua crop. 

** In tbo Shark, thia la Impoaalble, owing to a great nnmbeT of friogea tn 
the gullet banging down toward tbe etomach. 

•'At the beginning ofthc large Intestine In theLtnrda(aDdlninany Vei^' 
tebratea above them, especially tbe Ti^tarlan ordera), there la a blind sac, 
called eaeum. Tbe worm-like appendage to tbe CKCum la nlmoat peculiar 
to Han and the Apea. 

** The Crocodile U said to awallow atonca aomcUmea, Uks Birds, to alb 
tbe gastric mUL 

*i In tbe crop of tbe common Fowl, vegetable food Is detained aiiteen 
hours, or twice as long aa animal food. The DormouEo, among Hammala, 
has sn approach to a crop. 

" In Molluaka, tbe glzMrd, when present, Is situated between the crop 
and the true etomacb ; In Blrda, It comes alter the atomacb. 

•' Tbe fourth atomach of Rumtnant* la the largest so long as the animal 

" The Tape-worm has no digestive apparatni, and " fleeb which la decom- 
posed bj decay Into a seml-flnid mass Is absorbed by the sponge-lltce bodies 
ofcerlaln animals which live In stagnant pools" (Clark); but these are not 
real exceptions to the rule. In both cases, tmnsmntatlon goes before ab- 
aorptlon. 

" As sUrcb Is a Visible product, we would look fbr the moat abundant 
saliva In tboae mammala that feed on herba and grain ; and such ia tbe ftict. 
Moreover, as sugar is beat -producing, In cold-blooded Reptiles, Fishes, 
Hollnsks, and other like camlTores, a flnld to convert starch Into sugar, 
wonid be out of place. ^ 

** Tbeso substances are on1; dissolved and chemically mo<Ufled (being 
converted into what are termed jxpfona), not " organised" or " vlUlUed." 

*' It la probable that tbe digeatlve part of Uie alimentary canal In all ani- 
mals oantfesto a similar mechanical movement. It is most remarkable In 
tbe giuard of a fbwl, wlilcb correapbnda to the pyloric end of the human 
stomach. This mnscniar oixan, supply ing the want of a maaUcatory appa- 
ratuB In the bead, la powerful enough to pnlverize, not only ((''■Id, bat even 
pieces of glaga and metal. Thta is done by two hard muscles moving ol>- 
llquely upon each other, aided by gravel purposely swallowed by the bird, 
The grinding may bo heard by means of the atctboacope. 
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■■ dijle !■ opsque Id ctTDiTorcs ; more or leu traiwpweiit in all other 
TerUbratM, u in Krds, since tlie load does not contain Iktty matter. 

*■ In Fislie*, the tUII tre few or wantlDg. In Mad, the; number abont 
10,000 to the iqnare Incli. 

" Except, probatdy, tbe bnln, iplnal-marroir, bones, tendon*, UgamentB, 
epidermis, etc 

*> The lacteda also carry Ijmph when the Intestine is empty and th^ 
hiTC nothing etoe to do. 

" Tlie phenomenon prodnced by these properties conjointlj, capiilary at- 
traction and diffusion, Is called aidainietU. 

" The blood Is colorless also in the mnacniar part of all Flahea. Tliat of 
Birds Is of the deepest red. The coioriog matter of the red blood In Worm* 
la not In the corpnscles, bnt In the plasma. 

•* Coagnlatlon in the livinf; body is mahi); prevented by being kept In 
constant motion. It may be artificially arrested by common salt. Art«rUl 
blood coagnlatcs more rapidly than venoaa. Tho ^poslUon of the red cor- 
puscles in chains, or nmlaauz, does not occur within the blood-Tcssela. The 
cnnse iias not been discovered. 

" Tbe corpnaeiBs of In vertebrates arc nanally colorless, even when the 
blood Is tinged. It should t>e observed that those animals who»e blood 
resembles cbyla or IjtapU have no lactesls or lymphatics. 

** Except daring fcetai life. Tbe corpuscles of the Camel are DOD-nncle- 
ated, as In other Uammals.— If the trsosparcnt fluid from • boll be exam- 
ined with a microscope, it irill be acen to be almost composed of colotiees 
corpnscles, ahowlng their use in repairing ii^urles. 

*' There are do valves Id tlie veins of Fishes, BeptUes, and Whales, and 
few to Birds. 

*■ Capillaries are wanting In tbe epidermis, nails, hair, teeth, and carti- 
lagea. Uence, the eptdermls, for example, when worn ont by use, la not 
removed by the blood, like other tisanes, bnt Is sbed. 

*■ A part of the blood, however, in going trom the capUhirtcs to the heart, 
Is turned aside and made to pass through tbe liver and kidneys for pnrlDca- 
tiou. This Is called the portal circulation, and exists In all Vertebrate*, ex- 
cept that In Birds and Hammala It is confined to tbe liver. 

" Two In the higher Htmmala, three In tho lower Mammals, Birds, and 
BepUlcs. They ar« called vetut eata. 

'■ Tricuspid In Mammals, triangular in Birds. 

"ThspnlseofBHeulsllO; of a Cat, 110 to 120; of a 1X^,00 to 100; and 
of an Ox, 25 to 43. 

" The bivalve Brachiopoda, having no ^lls,l»eaUieb; delicate arms about 
the month, ort)y the "mantle." 

" The ^r-bladder, found In most Fishes, la another mdlment of • Inng, 
although It is used, not for reapiratloli, but for altering the apcdfic gravity 
of the FIsIl In the Oar-pIke of our Morthem lakes, 11 very closely reson- 
blea a inng, having a ceUular stmctnre, a tracheal tube, and a glottis. Tlie 
^lls represent inng* only In function ; they are totally distinct parts of the 
oigaoism. (See Huxley, ■' Anatomy of Tcrtebrated Animals," p. U) 

" Well seen in Tadpolee, or young of the Frog. 
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" la the haman lungt, the; nnmlMr 600,000,000, eecli about xhi °f "^ '°<^'> 
Id diameter, with an aggregate are* of 183 iqiiiire feet The thicbnew of the 
membiaiie betireen tiie blood aod the air Is gj^ of in Inch. The lunga of 
CamlTores are more hlgfaly developed than those of Herbivore*. In the 
Haiutce, the; are not eonflned to the thorax, but extend down nearly to 
thetalL 

^' Crocodiles are the only Beptflea whose nostrils open tn the throat be- 
hind the palate. Instead ofdlrectl; Into Ibe monUt-carlt;. Tbis enables the 
Crocodile to drown Its victim witboat drowning Itaelf ; for, bj keeping Its 
snout above water, It can breathe while its monUi la wide open. 

" A radlmentary diaphragm la seen In Uie Crocodile and Ostrich. 

" The poison-glands of venomous Serpents and the atlk-vesaela of Cater- 
pillars are considered to be modlflcd BBllvai? glands. Birds, Snakes, end 
Cartilaginous Fiihea have do nrlnar; bladder. 

■' Since theweigfatofa fall-groim animal remains nearly uniform, It must 
lose as much as It receives; that la, the excretions, InclodiDg the solid re- 
siduum ejected from tbe Intestinal canal, equal the food and drink. 

" Other names for derm ere, mlti, corium, enderon, and frwa (tin; and for 
epidermis, eutlde, adtron, and icatf-ttin. Tbe derm Is often so Intimately 
hleodcd with the mnselet, that Its existence aa a distinct layer la not easily 
made out. Even In lofnsoria, we find tbe tonic doable, an outalde mHetda 
lined by a soft atrtCeal layer; and In Jelly-fishes, naturalists disUngulsh an 
Mfrnform and endiiderm. 

■■ Sec Fig. 14fl. Paplll« are scarcely visible In the skin of Reptiles and 
Birds. 

■* The animal basis of tbie stractorc Is cAUfiu, a peculiar substance found 
In the hard parts of all the articnlated anlmala. 

** The large claws within the old crust are soft, and hence are able to be 
drawn through the imsll joints. 

" The shell la always an ^idermal atmctDre, even when app«rently Inter- 
nal. Thehomy "pea"of the Sqnld.the "bone"of theCuttle-flah,and tbe 
calcarcoas spot on the back of Ihe Slug, are only concealed under a fold of 
the mantle. So the ahel! of tbe common Unio, or Vresh-wnter Clam, is cov- 
ered with a brownlah or greenish membraDe, which Is the onter layer of the 
epldarmla. Where the mantle covers tbe lips of a ghcll, as in most of the 
la^e sea-snails, or where l(a folds cover the whole exterior, aa in the pol- 
ished Cowry, the epidermis ia wanting, or covered op by an additional layer. 

" The pearls of commerce, found in the mantle ofBomoMo11usks,are simi- 
lar In Btrnctorc to the shell ; bat what Is the Innermost layer in Che shell, la 
placed on the outside In thopcarl.and la much'flnerand more compact. Tbe 
pearl Is formed around some nucleus, ns an organic particle, or grain of sand. 

•' When the centrum Is concave on both sides, as in Flihei, it Is said to be 
luiipAliMsIolu/ when concave In front and convex behind, aa in Crocodiles, It 
Is called prorajou; wbeo cancavebohlndandconvexln(W)nt,asln theneck- 
vertabrn of the Ox, II Is o^iOioixdom. In the laat two caiea, the vertebna 
nnlte bj ball-and-socket Joints. 

" A few have but one pair, the Whale and Siren wanting the hind pair; 
while some hare none at all, es the Bnakes and lowest Flahet. In land tnl- 
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fualf, the potterlor llmba are genenlly most dereloped ; In aqiutlc utlmals, 
Uie aaterior. Dr. Wymu cootende Uut tbe limbs are te^mentacj organs, 
•nd attached to ttie vertebral colnmn In the Bune eense tbit the teetb are 
att«cbed to the Jaws. 

" The mniclea of some InTertebratea, as Spiders, are yeUov. 

" Themuwle* of the heart and gollet are ttrlped. Id tbe lotteet anlmalg, 
tbue dlatlnctloDi of Tolnntarr and Iniolantary, striated and smooth, solid 
and hollow, mosclea can sddom t>e made. 

*■ The skeleton of the Ctrrton-crow, for example, weighs, when dry, onlj 
SSfcralns. 

■* The OiBgon-llj can ontstrlp the BwuUow, naf, it can do lo the air more 
than anj bird — It can II; backward and sidelong, to right or left, as well an 
forward, and alter its course on tbo Instant without tumiaft. It makes 38 
beats per second with its wings ; wlille the Bee makes 100, and tbe Honse- 
B; 830. The swiftast Race-horse can doable the rate of the Salmon. So 
that Insect, Bird, Qoadruped, and Fish would be the order according to Te- 
locity ofmoTement 

" These sncken (pu'rilH) hate a delicate Mnge of hairs, each hair being a 
minute tube cantatnlng a Tiscid fluid by which the fly adheres. 

*• The cilia of Infusoria appear to act Independently of any ncrrons power. 

'* More preciseiy, tbe term brain, or brains, applies only to the cerebrum, 
while tbe total contenla of tii« cranium are called ene^tAalon. 

** Tbe exact functions of the cerebrum are not yet clearly nnderatood. 
If we remove it from Fishes, or even Birds, their rolnntary moTCmeota are 
little affected ; wlillc the Am^laaa, tbe lowest of Fisbcs, has no brain at 
all, but Its life ts regulated by the spinal cord. Such mntilated animals, 
bowcTcr, make no intelligent efforts. The snbstance of the cerebrum, as 
also the cerebellum, is losenalble, and nay be cat away without pain to tbe 
animal ; and when both are thus removed, the animal still retains senutlon. 

"Parts destltnloof blood'Vessels, as bidr, teeth, nails, cartilage:, etc., ar« 
not sensitive^ Tbe impressibility of tbe nerrea ts proportioned to the activ- 
ity of circulation. According to tbo recent iavestigatlous of Dr. Bowdltch, 
the channels of motor and sensitive impressions lie in the lateral, and not In 
the anterior and posterior, eolamos of tbe spinal cord. 

** "Tentacles" and "hams" are more or lees retractile, while antennte 
arc not, but all are hallow. AHtetmn alone sre jointed. 

" In Man, the soft palate and tonsils also have the power of UaUng. 

'" No organ of bearing has been discovered with eertsintj In the Radlatea 
and Bpldcra. 

■" It la wsntiog fn tlic aquatic mammals. Crocodiles have tbe Sist rep- 
resentative of an outside car In tbe form ottwo folds of skin. 

'"This,litce the deflnlUon of smdl and hearing, la loose langnage. Ther« 
Is no such thing as sound till tbe vibrations strike the tympanum, nor even 
then, for It la the work of the brain, not of the andltory nerve. Sound le 
the sensation of the wave-movement of the air, and hearing is that sensa- 
tion. Bo without eyes the world would be wrapped In daikneaa ; light la 
nothing. 

■" In iQvertehrates and eqoatlc Tcrtcbntes, the crystalline lena is gtobn- 
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tai; or, Id otber words, it Is rannd In Bhort-slRhted animals, and fltttUb tn 
the long-aigbted. The tm« of the Invertebnte t« not e»ctl; the «ame be 
the leOB of the Yertebrnte e;e, thoagh It perfonni the same fhnction ; It ia 
reall; a part of the cornea. 

' ** The Ant haa 60 In etch eye, the HoobcDt 8000, the Dngan-fl; 12,G0O. 

"* The pigment, therefore, while apparentlr In l^nt of the retina, la real- 
ly behind It, aa In Vertebrate*. The layer beneath the come*, serving as an 
" Iris," ie wanting In nocturnal Insects, since they need every ray of light. 
The optic nerve alone la iDsenslble to the atrongest light. 

"* It Ehonld be noticed that this correaponda with another peculiar fiict 
already mentioned, that either hemUpbere of the bnln controls the moscles 
on the opposite aide of the body. In Invertebrates the motor apparatns U 
goveined on ita own side. 

■" Sharks have eyelids, while Snakes have nooe. The third eyelid (called 
nictitating mtrr^mMe) Is rudimentary In Mammals. , 

■** Aninbnt woald doQbtlesslcam to walklf broaght npby a wUdbeaati 
since It was made to walk. Juat as an Inftuorfnm moves Its cilia, not be- 
cause it has any object, bnt because it ran move them. New-bom pnpplcs, 
deprived of brains, have snckled; uid decapitated centipedes run rapidly. 
Bnch phydcol Instincta eitsl without mlod, and may be termed " blind Im- 

>" We say " apparently," because it ma; be a flied habit, Brst learned by 
expeiieneo,transmltledfrom generation to genctatloa. A duckling may go 
to the water, aod a hound may Ibllaw game In some sense, aa Sir John Hcr- 
Bcbol takes to astronomy, Inheriting a taste from bli lather. Breeders tak« 
advantage of this power of Inheritance. 

■■• "Thus, while the homan organUm may be likened to a keyed initra- 
ment, from which aoy mnslc It Is capable of producing can be called forth 
at the will of the performer, wo may compare a Bee, or any other Insect, 
to a barrel-organ, which plays with the greatest eiactnees a certain num- 
ber of tunea that are set npon it, but can do nothing eiu."— CARFinTEit's 
Mental Fhgilali^, p. 61. This constancy may be largely due to the uni- 
formity of conditions under whicb Insects live. 

*" We may say, as a rule, that tlie proportion of Instinct and Intelligence 
in an animal corresponds to therelaUve development of the spinal coni and 
cerebntlD. As a rule, also, the addition of the power to reaaon comes In 
with the addition of a cerebrum, and Is proportioned to Its development 
Between the lowest Vertebrate and Man, therefore, ws observe successive 
types of intelligence. Intelligence, however, Is not according to the sUe of 
the brain (else Whales and Elephants would be wisest), but rather to tbo 
amount of gray matter In It. A honey-comb and an Oiiole'e nest are con- 
structed with more care and art than the hat of the savage. It Is true, thl« 
la no test of the cnpKbillty of the animal In any other direction ; but when 
they are fashioned to suit circumstances, there la proof of Intelligence in 
one direction. Phyelologtsts now hold that the cerebrum ts not eseentlal to 
conaciousDOSB. 

■" Air-breathing Vertebrates, 0* the Manatee and Seo-llOD, are eicepUoDB. 
There are, doabUsM, many lonnda wo can not hear. The nolsAof a^der 
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ntj be terrlflc to « Tij ; uid while I*]Iea hetr one mnotlier, thej take no 
notice of the hamkn Tolce. 

"' Ad ezcepUoD to tlia geoeral rale Uiit the Bnuller animals bave more 
acute Toices. 

"•It la wanting In a &w, ai theStorka. 

"* The Klgbtlagale and Crow have Toeal otgtna dmtUrlj coDitracted, 
1^ one »iogt, and the other croaka. 

"* Tbe three methods are tabtlautiallj alike; for an egg U only a tepa- 
lated bod. In the lower organlama, the parent la completely broken np 
Into new IndlTldaala ; in tbe higher, new Indlvldnals form bnt an inflnlteal- 
mal part (germ) of the parent. Under any form, reprodactlon la a proceet 
of disintegration. Soma Frotoaoa do not qipear to produce by egga. 

'" These cells are detaclied portions, or bnda, of the parental oi^aolaou. 
Generally, these two klndi of cella are produced by aeparate sexes; bat In a 
few caacf, a« the Snail, they originate In the aame indlvMual. Such an ani- 
mal, in whom the two texc* are combined, is called an htrm^ArtxliU. 

"* If an cgK be Tlolontly shaken, this connection i* broken; and this ia 
the secret of making an egg stand on end withont breaking It, aa Colaiabus 
is «atd to have done. 

'" The eggs of Hsmmala are of nearly nnilbrm ^le; those of Birds, In- 
aects, and most other animals are proportioned to the bIk of the adniL 
Thai, the egg of tbe .iGpyornls, the great citlnet bird of Madagascar, has 
tlie capacity orso,000 Humming-birds' egg*. 

'" As a geaeral raie, when both sexes are of gay and conaplcDoas colora, 
the nest ia sncb aa to conceal the sItUng Bird ; while, whenever tbero Is a 
atrikingcontrastofcolors, the male I>eli^ gay and the female dull, the neat 
la open. Bacii aa form no neet are many of the Waders, Swimmers, Bcratrh- 
era, and Goalsnckera. 

■■■ Aa tbe Crocodile, by Ita gizzard and ita mde neat, lot^ forward, so the 
poached Kangaroo looks backward, to the tme ornithic type. 

1" This rudiment lies tranareraely to the long axis of the ^i^; aod as the 
chick develops. It tume upon Its side, so that the forepart of the bead usual- 
ly ftaces the narrow end of the egg. 

■" The blood comes Into being before the blood-vcMels, and reins before 
arteries; i. e., tbe very first motion la toward the hc«rt The blood ia first 
yellowlsb. The red corpuscles are (apposed to be derived ftom the nuclei 
of the wlilte corpuscles : the origin of the latter is nndetermlned. 

■" Exactly as the blood In the capillaries of the skin ia aSrated by the ex- 
ternal atmosphere. 

"* Thus, Uie boiiow wing-bone was first solid, next a marrow-bone, and 
finally a thln-wallcd air-cell. The solid bones of the Penguin are examples 
of arretted development. 

'>*The thlgh-boDO of Uie child consists of fivediaUnct parte; la the adult, 
they are nnlted into one. 

'" Muscle is mainly flbrine, while nerte Is chiefly albumen. 

"* This geuerallzaUon must not be conrounded with the old statement, 
which is not true, that the higher animals pass through all the pbaaea of 
the lower life. See Spencer's "Priadplei of Biology," I., 148; CiaA'a 
»MindlDNatDre," 169. 
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"■ for this reaBOD, MammalB are called vbripartm*; but, itrictly ipcttklD^, 
th«7 are aa ovlparoua as Bird*. Tbe praceaa ot reproduction Is the iam«, 
whether the egg ta hatched wllhln the pareat or wlthoat The egga of 
Blrda contain whatever fs.iraDted Tor the derelopment of the embrjo, ex- 
cept hMt, which mut come tma without. Mantmol*, having no food- 
yolk, obtain thtir nutrition from the blood of the parent, and after birth 
ttom milk. Moat of the Aailu ore tlTlparoiu. 

■>• The lame of Bntterflles and Moths are called caltrpiaan; those of 
Beetles, gruU ; tboH of Flies, tnaggoU ; thou of Mosquitoes, w^«n.~-The 
terms Ima, pupa, and imago are nilatlve only ; for, while the grub and (»t- 
erplllar are qidto diflbrcnt from the pnpa, the bee-stale is reached b; a very 
gradual change of form, so that It Is dltScalt to say where the pupa ends 
and the Imago beglna. In bet, a lacgc nnmber of Insects reach maturity 
thrODgb an indeSnlte number of tllKht changes. The Humble-bee molts at 
laast ten times before arriving at the winged state. 

»■ Every tisane of the caterpillar dleappeara tiefore the development of 
tbe new tlssocs of the imago la commenced. The organa do not change 
tTom one Into the other ; bnt the new set Is developed ont offormleaa mat- 
ter.— The papa of tbe Moth Is protecled by a silken cocoon, the eplonlng 
of which was the last act of the larva ; that of the Bntterflj is simply in- 
closed In tbe dried akin of tbe larva, which is called eA>v*i>/ia l>ecaase of Its 
golden spots, Tbe pnpa of the Honey-bee Is called npiipA; It is kept In a 
wax-celt lined with silk, spnn bj tbe aar*ing-t>ec, not by tbe larva. Tbe 
time required to pasa from the egg to the Imago varies greatly ; the Bee 
Goniomca less Uian twenty daya, while the Cicada requires seveuteeo yeara. 

'"Compare the amoont of food required inproportlon to tbebnlkoftbe 
body, and also with the anionnt of work done. In youth, manhood, and old 
age. 

■"Excepting, perbaps, that the new toll of a Uzard Is cartilaginons. 

"* The patella, or knee-pan, has no reprcsentatlTe In the fore-Umb, and, 
strictly. It belongs to the muscnlar system rather than to tbe skeleton. 
Borne anatomists contend that the great toe is homologous with the little 
finger. Instead of tbe thumb. 

*" It Is doubtful whether tbe dorsal tnbe oflnsects and the beart of Jtfam- 
mals are homologona, as the circulatory ocgans of Invertebrates may prove 
to be homologoDs with the lymphatic system of Vertebrates, The Jaw- 
bones and limb-bones of Vcrtebrstcs are homologons, according to some 
natniallsla. 

'" Polarity t>eglns, as we have already seen. In the very first change of 
an egg. 

>>' The stmctnre of the highest plants Is moi 
the lowest animals ; bnt, ftir all that, power* ai 
of which oaks and cedars are devoid.— MtviBT. 

"' It Is, however, tme that the nnmbcr of tggs laid Is proportioned to 
the risk In development. 

"' Ac<.-ording to Mr. Darwin, the characters which natunilleta consider aa 
showing tme aOlnltj between any two or more species are those which 
have been Inhei4ted l^om a common parent, and, In (o fur, all tme cUmIQ- 
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«atlon iB genealogical ; t.iL, llli not a mere groDplDg of like with lUce, but 
It inclDdea like descent, tbe cause of slrailarltr. In the existing staM of 
science, a perfect classlflcatlon li Impossible, for It InTolvea a perfect knowl- 
edge of all animal stmctnre and life's hlstorf. As It is, it is onl; a proTls- 
tonal attempt to express the reel order at nature, and It cornea as near to it 
as onr laws do In explaining phenomena. It simpl; states what ve now 
know about cooipatatlTC anatomy and physlolt^. As science grows, lis 
langDfige will become more precise and Its classlflcatlon more natural. 

'*' Tbe term li/pe Is also used to ■Ignirj that form which presents all tho 
chaiaelers of the group most completely. Each genns baa its typical spe- 
cies, eacb order 1U tjplcal genus, etc. The word Is also applied to tbe 
specimen on which a new species is founded. A peTvittail type is one which 
baa cootlnned with very little change through a great range of time. The 
bmily of Oysters has existed through many geological agos. 

■•' The Cmlcntcrala and Eehinodermata ti«ether make up the Xadiala, 
the old subkingdom of Cuvler. Mchlnodtrma Is probably more correct than 
A^fnixiemidfa; bnt we retain tbe old orthography, 

"■ Strictly spesklng, no IndWldnal Is Independent Snch is tbe diTision 
of labor In a hive, tbit a single Bee, removed fixira tlie community, will 
soon die, for lU life is bonnd up with the whole. In a philosophical sense, 
Man is a composite being, erery organ being an Individual, tbopgh not an 
iDdependent, existence. An Indivldnal repeats the type of ila kingdom, sub- 
kingdom, chiBi, order, lamlly, genus, and apecles, through ita whole line of 
descent 

'•■ The Mlltepore coral, so abundant In the West Indian See, U the work 
of Hydroids. Tbe aur&co Is nearly amooth, with mlnnte punctures. Go- 
genbaoer, Haeckel, end others hold that tbe Acalephi hare no hody-carlty 
at all, the Internal system of canals being homologous with tbe lutatlnal 
cavity of other animals. 

'" Among the exceptions are Tubiporti, which hove et^ht tentacles and 
no septa, and tbe extinct Cj/txUmph^a, whose septa arc eight or more. 

'** The longest septa (called primary) are the oldest : the shorter, second- 
ary ones, arc developed afterward. As a rule, sclerodermic corale are cal- 
careons, and a ecctlon Is star-like ; tbe iclerobaslc are homy and aolld. 
The latter are considered higher In rank. 

'<* Some Star-Hahcs (SAuter) have twelve niys. In all Echinoderms, prob- 
ably, sea-water is freely admitted Into the bodj-cavlty aronnd the viscera, 
Tbe canals llkcvrlsc contain water, which enters through a poroos tnberdc, 
the nuidnTmrirbnnpIaK, or "dorsal wart," best seen On the back ofthcStor- 
flsh and Bea-urchin. — By some, Echinoderms art regarded as Worms. 

'" The shell la not elrlctly external, like tbe crnit of a Lobster, but is 
coated with the son substance of the animal. 

'" 8ta hundred pieces have been counted In the shell alone, and twelve 
hundred spines. The feet number about three thousand. They can be pro- 
troded beyond the longest spines. 

■*' The most Important genera are T'entbrnfula, Bhynehondla, DiKiOi, Ltn- 
gula, Orlhit, Splriftr, end JVoduffu. The flrst four have represonta^ves In 
existing seas. Professor Morse, Indorsed by Eowalenaky, nuUntatna the 
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sanity of Bracblopods to theWormc. DaTtdBon, however, reUiDs them In 
tbeir old position, u a d«M Independent of, bnt reUt«d to, the MollnBca, 
B; many, the Tnnlcates ore Joined to the Brachlopods ; bj oUicn, they iro 
called Wontit In disgalte. 

"* There are aome ezcepUonB : the Oyiter Is oneqnlTalved, and the HieUn 
equilateral. 

'*' The chler Impression B left on the shell are those made by the mnicles 
— the dark spota (galled "eyes" by oyster-men ; the polllal line made by tbe 
mnrxln of tbe mantle ; and the bend in tbe pillbd line, called paUial tbiut, 
irhlcb eiUts In those shells having retractile slpbons, as the Clam. 

"■ The Pearl Oyster bas a smalt, aDt«rior mtucle In tbe umbo, and the 

^xmdylat has teeth. 

"'Themusenlar tmpreasiDnsltiTridacnearebleDdedlDtoone. It la con- 
jectured that this U the case In the Oyster. 

■" The CUm Is tbe highest of LamelUbraDcbs, and the Oyster one of tbe 
lowest. Tbe Fanui oivnaWii, or " Boft Clam," baa ll« month always open a 
little ; while V. nunxtuiria, or " Hard Clam," keeps Its month closed. 

■" The Slug has no shell to speak of, and the Chiton la covered with eight 
pieces. It msy be remembered, as a rale, that all anlvslve sheila In and 
around the United States are Gaileropodt, and that ell bivalves In our 
rivers and lakes, and along our aca-cooita (save a few Bnchlopoda), are 
LamelllbnnchB. 

"' That la. If viewed with the aperture facing tbe observer. Shells twUt- 
ed In tbe opposite dlrecUon are called ■■ left-handed." 

"' Such as Dmlalium, wblcb may be a Fteropod, and the swimming Nu- 
cleobrancb, as Carlnaria. 

"* Inateadofastrongbreathlng tabe with a valve, answering for afbrce- 
pnmp and propeller, as lu the Cuttle-fish, It has only an open gutter made 
by a fold In the mantle, like the slpbons of the Outeropods. Tbe back 
chsmbers are Oiled with nitrogen gas. 

"■ The common Ponlpe haa two thoDsand suckers, each a wonderfnl little 
air-pump, under the control of the animal's wUL 

»• Hence the theory ofSpencer, favored by Wallace and Clark, that Artic- 
ulates srecompoand aniDials, each sq;mentrepresentlngaii indlTldoat The 
doraal tube Is probably homologous with the right ventricle. 

■*' The order la one of relation rather than of rank. The classes can not 
be arranged Bcrinlly. The Hyriapods bave a worm-like mnltlpllcaUon of 
parts, degrading them, and their nervons system Is simpler than that of Cat- 
erpillars ; yet Uietr heads show a close relatlonablp to IneecU. The Arach- 
nids Include some lower forms than Uyriapods; on tbe other hand, Ibr their 
wonderful Instlacls, Owen places them above the Insects. They are closely 
allied to Crustaceans, and aland more nearly between Crutlaceans and In- 
sects than between Myrlapods and Insects. The higher Articulates begin 
life as worm-like embryos. None of tlie air-breathers have two pairs of 
antcnnK, while the aquatic classes may have— Artlcnlates with Jointed ap- 
pendagea articulated to the body are called Arthr(gxida. 

'" The Joints of the Tape-norm are not true segments, only sncceMlie 
^wtbs containing otk. Tbe true animal Is the so-called "head." Ttw 
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IntMUnat Worma ue, bj fomo eminent lutanllitt, Bcpaiated under the dla- 
tlnct name Dr^«(miiiM<i«ia. 

■*■ Apparent eiceptioni : Some lower fonni hive no bnnt^hlc, but idpire 
by tlie akin, nsimllj of tfae leg*, but thU 1b BntuUntUUy 1^:1111 certain Cnba, 
&]M, live on di7 land, bat they maai^ to keep their glllB vet. 

■" The atadent tbotild remember that this threefold dlTlsion Is not eqnlr- 
■lent to the like dirlBlon of a vertebrate bod;. 

i>* Each rinft (called lomUt) la divisible lato two area, a doraal and ventral, 
■nd each arc consist* of four piece*. 

■" Sight and hearing arc the only senses discovered In this class. 

■" The fonr pain of lege in Aracbnlda answer to the two pairs of nuillls, 
the great claws, and the first p^r ofl^i of the Lobster. 

■" Compare the single thread of the Silk-worm and other caterpUlsn. 

■■* The common Spider, Epeira, which constraeU with almost geometric- 
al precidoQ its net of aplrals and radiating threads, wtU flnlsfa one la fort; 
minute*, and Just at rc^larly tf confined Id a perfectly dtA place. 

I" These part* do not correapond to the parts so named In bnman anal- 

'" The popa-case Is genenll; orntmeoted with golden spots; hence tbe 
common name eArysnlli. 

"■ More properly, at least In the Bee, the lip Is not converted Into a soc- 
torlal tube, bnt Into an ekteuslble tongne, with which the liquid food Is 
lapped np. 

"* All Vertebrates hsve a notochord, but not all bavc a vertebral colomn, 
as the AtnphlaeuL This eccentric creatarc, withont skeleton, limbs, brain, 
heart, lymphatics, or red blood, wc leave ont of acconnt It is not fairly a 
member of tbe snbklngdom, bnt rather a link between the HoUoaks and 
Fishes. In aqnatlc animals the posterior limbs are the onea aborted orfe- 
duced. If any; In land animals tbe fore-limbs arc ninally saerlflced. The 
vertebm correapond with and are dependent on the nervous centres. This 
is abown by tbe fact that the tail, which la rcprodnced by Lizards In ease of 
loss, is • single bone, bccunso although b-^oc may be reproduced, tbe spinal 
cord can not be. 

"* The smallest corpuscles are found In Ruminants', tbe lar^t In Am- 
phibians with pcrmuicnt gills. Tbe average sUe la Birds is double tbat of 
Han'a, and about equal to that of the ElephsnL Those of Monkeys are a 
triBc smaller than the human. In the embryo they are larger than In the 
adnlt Camels only among Mammals have oval disks. 

"* Oblong eknlls, whose diameter from The frontal t<i the occipital greatly 
exceeds the transverse diameter, are colled dolicluxtplidUe ; and such are usn- 
ally prognatkotu, i. i,, have pmjcctinj; Jnws, as tbe n^ro's. Bound kkulls, 
whose extreme length does not exceed the extreme breadth by a greater 
propoKlon than 100 to SO, are braehyerphalic ; and such are generally orVieg- 
nathoai, or straight-Jawed. 

'" The classes are variously grouped Into tbe ZTonuilocr^ or Cold-blood- 
ed, and the Sirmiilolherma, or Warm-blooded; Into the BrmnMata and 
AbranehMa; Into the AUantoidea and AnaBanloldfa ; and Into I(Mhyop*lda 
(Fishes and Amphibians), Haumptida {Reptiles and Birds), and Mammalia. 
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AccordiDg to Owco, tbs onl; chancier which ataolnUI; dlitlD^iiighea 
FlBhea and Beptiles is trbether or not Uiera is in open poiuge from the 
noitrlls to the modth. 

■" Some Icbtbyoli^tg, u Agualz, Haeckel, Cope, and QUI, divide the 
Tertebratea bolaw.the Amphibians luto three or font dlatlnct citsm. Bee 
" SnlthBontan MlM. Coll. ," TOl. zL 

"' It wonld l>o lafe to itjr that anj IWlog Vert4ihnite with aide flna sop- 
ported bjr flD-raya la a Fiah; bnt the extinct Amphibian IdUAyotaitni* also 
had them. 

'" The capacity for srovlcg as long aa \itt luta, which aomo Flabes ans 
sold to poaaesa, may be explained by the beta that their bodies are, Bratly, 
of »ery nearly the same speclflc graTlty as the water Id which they live, and, 
aecoQdly, of a tempetatora which is bat a very little higher thiin that which 
they are there exposed to. Thus the force which In other animals Is ex- 
pended In the way of oppoaltloa to that of gnivlty and In the way of pro- 
ducing heat la availRble for snatalnlng coDtlnuons growth.~KoLi.EBTON. 

■" Scales with amooUi, clrcidar outline are called tydold; those with 
notched or sploy margins are etoiold: A fow Tdeoata ate wlthont scales or 
oaseoDS skeleton. The Tentnd dns are often wanting, and the pectoral oc- 
caalonall]'. There are abont 9000 species of bony Bsbcs. 

■■■ Amphibians with a moist akin are also remarkable Ibr their cntaneona 
reaplratlon. They will Hto many days alter the laogs ar* removed. Tbctr 
rertebrw Tory in (brm : In the lowest they are biconcave, like those of 
Fishes; in BalamandBrs they ore opIsthociBllan : In the Frogs and Toads 
the; are nsDallj procolian. 

1" Salamandera are often taken for LIxards, bat dlSbr In having glib in 
early life and a naked skip. The Proteus and Siren resemble a tadpole oi- 
leitcd in Its dereloimient. 

'" The Surinam Toad has no tongue. 

"*Tbe Reptilian heart'may be likened to a peralsteDt fcetal heart of the 
higher animals. 

'*' The posterior pair of Umba Is sometlmaa rcprcaented by a pair of small 
tionea; and there 1* one Ophidian which shows traces of external llmba. 

"' There are some notable exceptions. The Slow-worm is legleao, and 
the Chameleon has a soft skin. 

'*' According to Owen ; but Huxley insists that the plutron belongs to 



"* Knees always bend fbrward, and heels always bead backward. 

"* It is a peculiarity of all Birds, tbongh not eonSned to them, that the 
generation prodncts and the relhse of digestion are all discharged through 
one common outlet. 

"* Existing Birds have been divided into two primary groaps, accord- 
li% to the doveloptnent of the breast-bone: (I) SatUa, or Btinacrs, as 
the Ostrich, withoat a keel; and (8) CarUiala, or Fllere, comprising 
the grand ro^ority of Birds, having a prominent keel. The fossil Ar- 
tliaBpteTyz, a lizard -like Bird, Is placed in a separate division, Sa-unmt. 
Birds have also been divided according to their degree of development 
■t birUi Into (I) JleMegttioiu, ai Fowls, Ostriches, Plovers, Snipes, BaOa, 
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DlTcn, ud Dncki, whoM chick it h«tcb«d eompleUty clothed, bM peiftct 
MDiw, mot aboat, and feeds ItaelC Wb«D fall grown, It iu«a Its feet ntlicr 
Uun wingi, flying vitb a rapid, labored itroke, and taking tbe flnt apportn- 
nlty to ««ttle on land or water, oat on treca ; the male la poljgamoaa and 
pngnacloni; the female makes little or no neat; and neither aei einga. 
ThU group la of tbe beat use to man, and approachea more nearly to Haa- 
mala, the habltnal nae of the legs and preference for land or water dt^rmd- 
Ing It aa a Bird and ralaing it In the liat of animals; (3) Gf/mncgntoat, as 
Gull*, FellcaDi, Birds of Prey, Heroni, Sparrows, Woodpeckera, and Pig- 
eons, whose chick comes helpless, blind, and naked ; it can neither walk nor 
IJEed itself, bat gapes for food ; tbe adult is monogamous, and bnilda elabo- 
rate nests In trees and perches ; many sing ; all are habltnal flien. These 
are birds par acditnct, gifted wltb higher intelUgcnce than the others, and 
are never domesticated fur food. 

'" We can not claim tliat tbls slry skeleton is neceasary for BlghL The 
bones of the Bat are free fVom air, yet U is able to keep longeron tbe wing 
than tbe Sparrow. The common Fowl has a hollow bamenii ; wbito some 
Birds of long fltgbt, as the Saipe and Curlew, have airless bonea, 

'"Hopping is characteristic of and conflned to tbe Perchers; bnt many 
of Uiem, as the Meadow-lark, Blackbird, and Crow, walk. 

>H xhifl order, founded on the dlspoMUon of the toea, la purely artiflcU. 
Bat It la better to retain It nnUl oralthologisls agn« open some natural uv 
nngement. 

'** la tbe Swlda and Qoatsackera, tbe hind toe i* Teraatllei being tnmed 
sideways, or eren brnard; white Uic third and fourth toea of the Klngflah- 
er are united, and its wings are short. 

>" The Whales are hairy during ftetal life only. 

'— The bmiD of tfsmmnls differs also from that of lower Vertebrates In 
that the lobes of the cercbram ar« connected by a band called cotjmt taUa- 
(wn, and the lobe* of tbe cerebellum by the pons Vanlii. 

"' As in the Whale, Forpoiac, Seal, end Mole. Teeth are wanting in the 
Whalebone Whales, Ant-euters, Monis, and Echidna. 

"• An acceptable clasaldcatlon of Mammab is still adesideratum. Owen'i 
subclasses, founded oo the structure of tbe brain, and De Bliinvllle's (adopt- 
ed by Uuiley and Gill), founded on the nature of the rcprodactire organs, 
are nnealUble for a teit-book. It is snfllclent to state hero that the two 
lowest orders are implacental, and their young are bom In a rerj Imperfect 
condition; while all the rest are plaanlal, whose embryos are more com- 
pletely formed before birth, being connected with the blood of tbe mother 
by means of the pliicenta, a development of the allintols. 

'" Tbe Monotremcs resemble Birds and Reptiles In haTlng bnt one outlet 
for the rectnn, genital, and nrioary organs. They resemble Horeuptels In 
having marsupial bones, bnt have no pouch, lliey dlflbr from all other 
Mammals In bavlng no distinct nipples. 

■" Tbe poncfa Is wanting In some Oposanms and the Daeynma. 

"■ The Edent&tea arc allied to the Reptiles, especially the Tortoise* : 
compare the campai of the Armadillo, the broad ribs, toothless mouth, and 
glzzard-]lke stomach ot the Ant-eater, and the great else of tbe Uood-con 
— 9cle* In the Sloth. 
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>°> For ths best acconnt of tba Elepbut, ace Teniit&t'e " Ceylon." 

■" Tbe forefeet of the Tapir have foar toee, but one does not toach the 
groaod. 

'°* Tbe eiUuct Horee {S^jpmion) bad three toes, two HmaU hooA dan- 
gling behind. The foot of the Hone is of wonderflilstrnctnre. Thebon«« 
■re comtruct«d and placed wltb a view to ip«ed, llgbtneu, and streogth, 
and bonnd together bjr lig«mont8 of marvelona tenadt;. There are elaatlc 
pads and cartilages lo prerent Jarring; and all the parta are covered bj a 
living membrane which Is eiquMtelj seDriUve, and endows the foot with 
the sense of toach, wlttaont whlcb the animal conld not be anre-footed. The . 
hoof ilaelf ia a world of wonders, being made of parallel flbr«t, rach a tube 
composed of thousands of minute cells, the tubular form giving strength. 
There are three parte, "wall," "aole," and "frog"— the triangular, elastic 
piece Id Ibe middle, which acts u a cushion to prevent concussion and alao 
slipping. 

"' Tbe American Feccar; tuta three toes on the hind foot 

"< The Camel and Llama are exceptional, having two upper Incisors and 
caninee, are not etiicUy cloven-footed, and are horalesa. ' 

"' Tbe Qjona alone of the Carnivores liai only four toei on all the limbs, 
and the Dog liaa four bind toes.— The Lion is the king of bcaats In loajestf, 
but not In strength. Five men can easily hold down a Uon, while it re- 
quires nine to control a Tiger. 

■" The old term Quadnanaiut is rq|ected becsnse it misleads, fbr Apes, as 
well as Men, have two foct and two handa. There la u much anatomical 
difiterence between the feet and lianda of an Ape aa between the feet and 
hands of Uan. Owen, however, wlUi Cuvlcr, conaldera the Apes tml; " fbnr- 
handed." 

Id* The eye- orbits of Ibe Lemurs are open behlnl The Flying Lemnr 
(Galtopilitaa) U considered ao InBectlvorT^ 

■" The little Marmosets arc not typical Honkcya, liavlng a non-prchenslie 
tall and only SS teeth. 

*■■ It fails to cover in the Howling Monkey and Slamnng Gibbon; but In 
tbe Sqnirrel MonliGy it more than covers, overlapping moro than in Man. 
Aa to the convolutions, there Is every grade l^om the almost smooth brain 
oftheHarmoaet to that of the Cblmpaniee or Orang, which Mia but little 
below Man's. 

"■ The tailed Apes of the Old World have longer legs than arms, and gen- 
erally have "cbeek-ponclics," which sene as pockets for tbe temporary 
stowage of food. 

"■ In the butnan Inbnt, tbe sole naturally tums Inward ; and the arms 
of tbe embryo are longer than the l^(s. 

"*The Aye-aye, tbe lowest of the Lemurs, is remarkable for the large pro- 
portion of the cranium to the face. 

"* This feature was shared by the extinct ilnoplDtAeriun, and now to some 
eitentby one of tbe Lemurs (ranltu). 

"* We have treated Man soologlcaliy only. His place in Natore is a wider 
qnestlon than his position in Zoology; butltlnvolvcB metaphysical and psy- 
chological conelderaUons, which do not belong here. 
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■" See Lcwet'i cbtnning "Stndlea In AhIkibI Life." DonbUeai in enun- 
luUon of all the itraUof the earth's cnut would dlKliMe fomu Immeiuely 
ontmimbeilng all ttaove at present known. And even had we eierj roasll, 
we would have but a fraction of tbe whole, Tor manj deposits have been go 
altered bj beat that all traces have been wiped out. Animal life Is much 
more diveralfled now than It wis Id tbe old gfeolc^c agn; for ■eveial new 
t;pe« bave come Into eilatence, and few bavo dropped ouL 

•" Among tbe type* chtracUriatlc of AmeKca are tbe Gar-pike, Bnapplng- 
tnrUe, Huinmen, Sloths, and Miwk-raL Many of our most ronnnon animals 
am ImportaUons from the Old World, and tberefora are not reckoned wltb 
tbe American Gmna ; such u the Horse, Ox, Dog and Sbaep, Rata and Mice, 
Honey-bee, House-fly, Weevil, Currant-worm, Heal-worm, Chcese-msKgot, 
Cockroaeb, Croton-bug, Carpet-moth and Fnr-motb.— Dlatrtbntion Is com- 
plicated by tbe voluntary migration of eomc animals, as weU as by Man's 
Intervention, Besides Blrdu, the Bison and Beats, some Bate, certain Flalies, 
as Solmou and Herring, anil Locusts and Dragon -flies atDOng Insects, are 
migratory. 
' "• When Hie cable between France and Algiers was taken op from a depth 
of elghtecD hundred Ikthoms, there came wllb it an Oyster, CoeUe-shella, 
Annelid tubes, Polyioa, and Sea-bns. Ooie brought up from the Atlantic 
platesn (two thonaand tktbo&iB) consiated of ninety-seven per cent of Fora- 
minllbre. 

■" Only around the shores of the Arctic Sea are the same anlmsla and 
plants found Uirongb every meridian ; and in pasring southward, along the 
three principal lines of land, epcclflc Identities give way to mere Identity 
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&mtllea become In a measure distinct, not only on the great contlnenU, bnt 
on tlie Islands, till every little rock In tbe ocean has ila peculiar Inhabitants. 
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or Bcriil publicttloiu, the atadent ahould hay« bcmm to Uw J 
KaturtilM, AmiTiem JbumaJ tlf Scifiue, njmlar Sdaia Moitaig, AntUlmiu 
OoHtjibiitiont and JfiMdIatMou) CoBtcttontf Bulletliw kad Pioceedioga of tbo 
Tarlom BocleUes, nputar Seimf* Boieu, InUUtcbul (Xutner, and AmiaU and 
J/i^frohiH Iff ft'otural JJidor]/.' 

' Pwfect (p*dme» mn loTtliuble in Un itpdj of Eoology. A few hiiDdrad diolca 
o^Jwn m the beat lUuatnUaiii to aceompanj a text-book, or coona of Icclnna. In 
tttt, thiT are IndtipenHble to the dear comprahenaloD at the fotiDi of lift. Mu; 
apadmena an caallj obtaiuol : but rudj allien coma Ihim dietiat lands or aeai^ 
and moat be carernltr piepared fur preaerrallOD and nee. It It wdl far teachen and 
stDdanIa to know that then la one eaCabllahnwnt In America where It la poaalble lo 
■ecnre Iboae trpe-oolleclloiia *o Important Ibr edncatlooal pDrpoaei. Piofeaaor H. A. 
Ward, of Hodieater, Maw York, hea The largeet Hdlitiee tn the coonlrr Kir fBrnlafalnK 
ikelelona and apedal pnpanUona for tehoola and mnaeDDU. The leading mnaeama 
la America are Indebted lo him for eome of tbelr cholceA material Srerj effort la 
made to aoppl; atiact and perfect apecimena. HIa eotlactfoti ii eapeelaltr rich la 
ToTertabratea, and hia oeteoloslcal prepaialioiw aie remarkable br Ihe eiegence or 
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VALUABLE AND mTERESTING WORKS 

FOB 

PUBLIC AND PRIYATE LIBRARIES 

PirauSBED BT HARPER & BB0THEB8, Nbv York. 



IV- Fur a faa LM tif Butt* lulMUt for LIbrarUt, Mi Biim * Bnnan*' 
TuDi-LiST and CiuLosin, vJUeJk vim la hod gntuOautly m mpHuMn 
U tilt PiMMtrt prrwnaUy, or bji It&r tn^aHig Xim OmU U Potagf 
Slampi. 

t^ Babtb ft BioTDiu oil! Kmi UMr piMitatbmi btt malt, pcKbif prtpald la- 
cmCfnn Bcliail and OaUeai TBCt-Ba*t and arCoJn boati uliot nvfgU khiM 
mulaJ*tlitm/nmtliMf>iaai,imnefiplefa»iinx. Elirin ft Bmothri' 
BeheBiayidCoOtgiT^zt-BocitvUirttSiHtkUUittMkanatlirUtO^O'li* 
tnt iff mall m rueipt 9} Uu odnrtMid pHet caul m^tttOi omiimiaijot 



ELu— IT. AgilcuUanl PrngnM. Bt PtoIiuMir Wu-lii 



H. Bu[wu.^V. ThaDSTelopoieDtof oarHinirklltHanrCM. BjProfeasoi 
T. Stu» Hdht.— VI. ComminUt DeT«1opmeiiL Bf Sdwud AninKs. 
— Vil. Orowth and DkalrlbDIloD of PoppUlloD. Bj tbe Hon. Pbiirow A. 
WiLxn.— VIIL MoDeUry DaralopmcDt. ^ pTDfCMor Wiixiak Q. Suk- 
MU.— IZ. Ilw Sxptrldwnt at the UoknjWttblU Pnpanttoiw. Bj T. D. 



...JialriMj. 

Bt Anmir Fui.., , -^ 

Vavoiiaii AanoTT.— XVL Hnmuiluilin ProgriH. Bt CnASLn L. Duu- 
— ZVU. Beltelaiu DaTelapmmt. Bj Uic B«r. Joim F. Huut, D.D. 

HOTLErs DUTCH REPUBLIC. The Rise of the Dutch Bapiiblic. 
A Hinorj. Br Jom Lotbkop Motlet, LL.D., D.C.L. With n 
Porlrut of Williani of Onuige. S voU., 8to, Cloth, flO 50; Sheep, 
412 00; H*lfCal4 917 25. 

MOTLEY'S UNITED NETHERLANDS. HiBtotj of the United Neth- 
eriioda : from the Death of William the Silent to the Twelve Yean' 
Truce— 1609, With a fall View of the English-Do ich Stnigglo agunrt 
Spain, and of the Origin and Destrnction of the Spanlih Armada. B7 
John Lotrbop Motlet, LL.D., D.C.L. Fortniu. 4 vola., 8to, 
Cloth, 9U 00; Sheep, $16 00; HalfCaJf, t2S 00. 

MOTLEY'S LIFE AND DEATH OF JOHN OF BARNEVELD. The 
Life and Death of John of Bamereld, Advocata of Holland : with a 
View of the Primary CanMa and Moremenu of " The Thirty-f ean' 
War." B; JoB!( Lothbop Moti.et,LL.D., D.C.L. Illuilrated. In 
3ToU.,8vD,Cloth, (TOO; Sheep, fS 00; Half CalC; fll 60. 
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a ValuaiU and IiUertttiag Wtrkt/«r PuiUc and Private Li'irarut. 

•HATDN'S DICTIONARY OF DATES, i«Uling to nU Ages and TSt^ 
tlont. For Unirena] RerM«n««. Edited by Bekjakih Viscbbt, A*- 
mdant Sccretaij «nd Keeper of ibe Librvry of the Boj-il Inetitution of 
Great Briuin; and Uevised far tbe Um of Ameticaa Beadorv. Sio, 
Ctotb, f8 00 ; She^, 93 37. 

HILDRETH^ UNITED STATES. History of ihe United Staler 
FlMT Sesier : From tbe DiscoTeiY of the c5oiiiinaiit to the Orfanii*- 
tkn of the Government under the Fedeml Conitiiniion. Second Sb- 
KiBi: Vrom tbe Adoption of the Pederal Conilitntian to the End of 
the Sixteenth Congresi. Bt Rickird Hii-nBETB. 6 toIi., 8to, OoCh, 
•leoOi Sheep, «2100i Half Calf, »31 50. 

HUME'S BISTORY OF ENGLAND. Tbe Hiitory of England, from 
thelnTaiion of Jnliu«Cn«ar to the Abdicatkni of Jameill., 16SS. Br 
DatidHune. 6 vols., limo, Cloth, 95 10; Sheep, (7 80; HalfCal^ 
tlS90. 

HUDSON'S HISTORY OF JOURNALISM. Jonraalinn in the United 
Suiea, from 1690101872. By Fbedebio Hvdbok. 8vo, aoth, f 6 GO; 
Half Calf, 47 26. 

JEFFERSON^ DOMESTIC LIFE. Tbe Domestic Life of ThomM 
Jeffenon : mmpiled fram Family Lettsn and ReminisceaceB, bv. hii 
Great-gran ddaugliter, Sabab N. Kahi>olph. lUuitrated. Crown Svoj 
Cloth, (2 60. 

JOHNSON'S COMPLETE WORKS. The Works of Samue! Johnson, 
LL.D. With an Enav on his Life and Genins, by Arthcu MoRFHr, 
£*q. 2Tols.,Bvo,Cloth,94 00; Sheep, (6 00; Half Calf, (B 60. 



T ready. I2mo, Cloth, «S 00 per toI. ; Half Calf, 
$3 76 per voL 

LAMBS COMPLETE WORKS. The Worke ofChario Lamb. Coni- 

Sinng his Letters, Poems, Essays of Elia, Euaya upon Shakipeaif^ 
OKarth, &c., and a Sketch of hu Life, iriib the Final Memorials, by 
T. Noo!) Talfoubd. With Portrait. 2 vols., 12mo, Cloth, fS 00; 
Half Calf; <6 50. 

LAWRENCE'S HISTORICAL STUDIES. Historical Stndiee. By 
EcoBME Lawbesce. Containing tbe fblloTving Essays : Tho Bishop* 
of Rome. — Leo and Luther. — Loyola and the Jesnils. — Rcimeniad 
Conncils. — The Vaodoii.— TheHugucnots. — The Church of Jernsalem. 
— Dominic and the Inqoiaition. — The ConqneM of Ireland. — The Greek 
Church. gTo, Cloth, nncnt edgai nod gilt tops, (3 00. 

HTERS'S REMAINS OF LOST EMPIRES. Remains of Lost Em- 
pires : Sketches of the Ruins of PalmyrEi, Kinerab, Babylon, and Per- 
sepolis, with «ome Notes on India and the Cashmeiian Himalaya*. By 
P. V. N. Mtbbs. IIlBitrated. 6ro, Clotb, fS GO. 
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Valaatl* and Interesting Warlufer PublU and PrinaU Lihraritt. 3 

LOSSING'S FIELD-BOOK OF THE REVOLUTION. Pictorial 
Field-Boak of the Kevolation: or, IltoitTstioni bj P«a and FeiKil of 
ihe Hiitorj, Biography, Scenetj, Helka, and Ti»ditioi» of the War for 
Indspendence. Bj Behboh J. Losbiha. 2 Toll., Svo, Cloth, (14 00 ; 
SbMp or Boan, «I6 00 ; Half Calf, 91S 00. 

LOSSING'S FIELD-BOOK OF THE WAR OP 1812. Piclorial 
Field-Book of theWac of 1S12 : or, Rlngtratloni bj Pen and Pencil of 
tbe HistoTj, Biognphj, Sceocry, Relics, and Traditioni of the list War 
fbrAnericMi Independence. ByBEiraoN J. Losania. With Eerernt 
htmdred Engnringt on Wood b]r Louing and Barritt, chiefly from 
Original Sketches bj the Author. 1088 pages, 6to, Cloth, «7 00 ; 
SbeeporKoaQ,98 50i Half Calf, <10 00. 

MACAULArS HISTORY OF ENGLAND. TboHistory of England 
fh)in tbe Acceuion of James II. Br Thomas Babihotow Macacult. 
6Tols.,8vo,Cloth,tl0 00j Sheep, 912 60; Half Calf, {21 26; 12ino, 
Goth, 44 60; Sheep, 9S 60; Half Calf, 918 23. 

MACAULATS LIFE AND LETTERS. Tbe Life and Letters of Lord 
Macanla;. Bj bis Nephen, G. OiTO Tbbtkltan, M.P. With Por- 
trait on Steel. Complete in 2 toIs., 8to, Cloth, nncnt edges and gilt 
lOH, $G 00; Sheep, %% 00; Half Calf, C9 60. Popular Edition, 2 
Tob. in ooe, I2mo, Cloth, %l 76. 



•GREEN'S SHORT HISTORY OF THE ENGLISH PEOPLE. A 
Short HisCoij of the English People. B7 J. R. Ghees, M.A., Exam- 
iner in tbe School of Modem Hislor}', Oxford. With Tables and Col- 
ored Maps, era, Cloth, $1 30. 

HALLAM'S MIDDLE AGES. View of tbe State of Europe during 

the Middle Ages. Br Henut Hallan. 8to, Qoth, (2 00; Sheep, 

92 60; Half Calf, t4 25. 
HALLAM'S CONSTITUTIONAL HISTORY OF ENGLAND. The 

Constitotional History of England, from the Accession of Henrr VII. 

to the Death of George II. By Hesbt Hallak. Sra, Clotb, 92 00 ; 

Sheep, 92 60; Half Calf, #4 26. 

HALLAM'S LITERATURE. Introduction to the Literatnre of Europe 
daring the fifteenth. Sixteenth, and Seventeenth Cenlorin. By Hbk- 
RT Haliah. 2 Tols., ero. Cloth, 94 00 ; Sheep, 9S 00; Half CeXi, 

9e6a 

SCHWEIHFUBTH'S HEART OF AFRICA. The Heart of Africa. 
Three Years' TraTSls and Adrenturea in the Unexplored Region* of the 
Centre of Africa. From 1868 to 1871. By Dr. Gbobo Schwsik- 
FDBTH. Translated by Eller E. Fbbves. With an Introdnction by 
WiHWoOD Rbadb. Illustrated by about 130 Woodcnti from Drawing* 
made by the Author, and nith two Mapi. 2 vol*., Bro, Cloth, 98 00. 
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4 ValttaMt and IntrruiiHg Werki ftr Fitblk and PHvete LUrariti, 

M'CLINTOCK h STRONG'S CYCLOPEDIA. Cjclop«di« of Bib- 
lical, Theoloficil, and Ecclaiauical Ijteratare. Prepared b; ibe Rst. 
Joiui H'Cluttoce, D.D., and Jakes Stboko, S.T.D. T voU. h 

rfr. Eojil 8to. V ' '•' ■ *" — ■■■ 

iTHorocco, f8 00. 

MOHAMMED AND MOHAMMEDANISM: Lectnrei Delivered at 
the Bojal Initiintion of Great Itriiain in Febrnaiy and March, 187i. 
By R. BoHwoBTK Smith, M.A., Aniitant HaBtcr in Hamw School ; 
Ute Fellov of Trinity College, Oxford. Willi an Appendix coniainiiic 
Emannel DenUch'* Article un "IsUin." ISmo, Cloth, tl 50. 

MOSHEIM'S ECCLESIASTICAL HISTORY, Ancient and Modem; 
in which the lUie, Proereei, and Variation of Church Poner are con- 
■idered in their Connection with the Stale of Learning and Philosoplij, 
and the Political Hislotr of Europe during that Period. Trauslateil, 
with Hotel, &c., by A. Maclaiite, D.D. Continned to 182G, bv C. 
CooTK, LL.U. 2 voU., Sro, Cloth, %i OOj Sheep, fS OOj Half Calf; 
•8fiO. 

HARPER'S NEW CLASSICAL LIBBARY. Literal Translationa. 
Tbe folloiring Voloine* are noir ready. 12mo, Cloth, (1 GO each. 
CMtkH. — ViROii. — Sallcbt. — HoaACB. — Ciciko'b Oratioxs. — 
CiCEBo'a Offices, 4c.— Cicero oh Obatobt amb Okatobs. — 

TaCITDH (2 Toll.). — TBBENCE. — SOPHOCI.Bi. — JuVEKAL.— XeXO- 

FHos. — Hombb's Iliad. — HomB'i Odtbret. — HEBooorna.— De- 

MOBTHEVES (2 VoU.}. — THCCIDIDBe. — JEACOIlXt. — EUBIPIDES (2 

Tola.). — LiTT (2 Toll.). — Plato [Sdect Dialosnes]. 

LIVINGSTONE'S SOUTH AFRICA. Mbdoiurr TraTCli and Re- 
■wrchei in South Africa: including a Sketch of Sixteen Yean' Reu- 
denco in tbe Interior of Africa, and a Joumey from tbe Cape of Good 
Hope to Loanda on the Wait Coaat ; thence acrou the Continent, doim 
the River Zambeai, to the Kaitern Ocean. By Datid LiTiHGar^KK, 
LL.D., D.CL. With Portrait, Mapa, and lUoitratioQi. 8to, Cloth, 
44 60; Sheep, tM OOl Half Calf, 96 76. 

LIVINGSTONE'S ZAMBESI. NamitiTe of an ExpediUon to the Zam- 
beii and iti Tributaries, and of the DiKorery of the Lakea Sbinra and 
NjMsa, 185S-1SG4. By Datid and CnABLea Livinostork. With 
Map and IllustratiotlB. Bto, Coth, $6 00; Sheep, <5 fiOj Half Calf; 
17 2B. 

LIVINGSTONE'S LAST JOURNALS. The Lnit Joamali of David 
Livingitone, in Central Africa, from 1B65 to hii Death. Continned bj 
a Narratire of his Lait Momenta and Sufferings, obtained front hi* 
Faithful Serruits Chnma and SuiL By Hobagb Wallii^ F.RG.S., 
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